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PREFACE. 



The following work has just appeared in London as 
a portion of a series entitled Orr'a Circle of the Sciences. 
Believing that a treatise of so much value was worthy of 
an independent position and a permanent form, the pub- 
lishers issne it separately. Written by the most distin- 
guished osteologist of the age, as an introduction to his 
favorite science, it cannot fail to possess great interest 
and value to all students of Zoology, Comparative Ana- 
tomy, and Geology, of which departments of knowledge 
Osteology may now be regarded as the foundation. As 
indicative of the principles which have guided the author 
in his labors, the following paragraphs are extracted from 
the Preface to the Circle of the Sciences. 

"In regard to the structure and conformation of that 
great division of the Animal Kingdom called ^ the Verte- 
brate/ to which Man himself belongs, and which includes 
the animals that most resemble Man, it has been deemed 
sufficient for present purposes to restrict the Essay to the 
fundamental structures or framework of the body, with 
the appendages of a like enduring material called the 
- - 1* 




vi 



PREFACE 



Teetb. The execution of this part of the 'Circle' has 
been coniided to that great philosophical anatomist who 
has so distinguished himself in working out the true 
principles of Osteology — principles which will doubtless 
soon be applied to the nomenclatare and description of 
every branch of Anatomical Science. Avoiding tlic com- 
mon practice of intrusting the special essays to literary 
compilers and abridgers, it has been part of the design 
of the work — hitherto with success — to engage, in tho 
important task of teaching, those master-spirits who have 
in their day effected the greatest improvements, and made 
the most decided advances, in their respective depart- 
ments of science. The result has been, as is especially 
shown in the £ksay on Uie Principal Forms of the Skeldon^ 
an original exposition of the principles of Anatomical* 
Science, and of the most important results tliat have been 
attained by its latest cultivator; such exposition being 
succinct without any important ouii>.<iuii, and as clear 
and comprehensible as is consistent with the inevitable 
use of technical terms. 

'^New and clearly defined ideas must be expressed by 
their appropriate signs. The explanation of the sign 
teaches the nature of the idea. Without learning and 
understanding the technical terms of a science, that sci- 
ence cannot be comprehended. The terms seem 'hard' 
only while the ideas which they represent are not under- 
stood. We listen with pleasure and surpi ise to the glib 
facihty with which the working classes, admitted in 
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homely attire at half price to the Zoological Gardens ou 
Monday?, talk of the Elephant, the Khinooeros, and the 
Hippopotamus. These derivations from the Greek arc 
no harder to them than the Saxon monosyllabic names 
of the bear, the seal, or the lion; and yet the four sylla- 
bled and £ve-syllabled names above cited are longer than 
the average of the technical terms derived from the same 
learned and pliable language : for example, Alisphenoid 
' is not really harder than rhinoceros, nor Neiirapophysis 
than hippopotamus; and when tlio mind becomes as 
&miliar with the things of which these are the verbal 
signs, they fall naturally and easily into the circulating 
medium for the currency of thought. To the intelligent 
reader of every class, who may be blessed with the healthy 
desire for the attainment of knowledge, let it then be 
said: Be not dismayed with the array of *hard words' 
which seems to bar your path in its acquisition. Where 
such words are invented or adopted by the masters in 
science,, be assured that your acquisition and retention of 
their meaning will be the safest 'first steps' in the science 
of your choice. 

"Where plain and known words of Saxon or old Eng- 
lish root could convey the meaning intended, the writers 
have sedulously striven to use them instead of terms of 
more exotic origin. But where the signification of a 
thing, or group of things, would have demanded a round- 
about explanation, or peri phrase, as the alternative, for 
abandoning the single-worded and clearly defined tech- 
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nical term, they have not hesitated to use aiich term, 

appending, either in the same page or in the Glossarial 
Index, its derivation and meading. 

*'In reference to the terms of Anatomy, a method has 
been adopted further to facilitate their reception and 
easy recognition by reference to the part itself so signi* 
£ed in the wood-cuts; the same or corresponding part 
bearing the same numerals in aU the cuts; tiins the sea- 
pula, or blade bone, is indicated by the No. 51 in the 
fishes' skeleton, Eig. 9, and in all the snceeeding skele- 
tons up to those of the Ape and Man, Fig. 46." 
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PRINCIPAL FORMS OF THE SKELETON. 



PRINCIPLES OF OSTEOLOGY. 

Thb original sabstance of animak consists of a fluid 
with granules and cells. In the course of development, 

tubular tracts are formed, some of which become filled 
with "neurine," or nervous matter; others with "myo- 
nine," or muscular matter; other portions are converted 
into glandular substance; and a great proportion of the 
rest of the primordial matter forms " cellular substance." 
This substance, in many animals, becomes hardened, in 
certain parts of the body, by earthy salts. When those 
salts consist chiefly of phosphate of lime, the tissues called 
"osteine," or bone, and " dentine," are constituted, between 
which the chief distinction lies in the mode of arrange- 
ment of the earthy particles, in relation to the mainte- 
nance of a more or less free circulation of the nutrient 
juices through such hardened or calcified tissues. In 
bone, certain canals are left, of a caliber sufficient for the 
passage of capillary bloodvessels through the tissue. Still 
more minute tubes, sometimes expanding into cell-like 
cavities, are established for the slower percolation of the 
colorless fluid of the blood, called plasma," or "liquor 
sanguinis." In true or hard dentine provision is made^ 
2 



14 ^ OOMFOSITIOK OF BONKS. 

by fine tubes, for the passage of plasma through its sub- 
stance ; but the red particles of the blood are excluded. 

True osteine and dentine are peculiar to the highest 
division or province of l^e Animal Kingdomi which pro* 
vince has been termed Yertebrata," from the prevalent 
disposition of the osseOus matter in successive groups of 
more or less confluent bones called " vertebrae." (From 
V0riOt I tun); thesQ being the partif on which the bodj 
bends or rotates.) 

Before entering upon the disposdtion of the bony mat- 
ter, a few words may be premised as to the composition 
of that matter in the different classes of vertebrata. These 
elnases axp four : Fishes, Beptiles, Birds, and Mammals, 
whicb latter class includes the hair-clad beasts, commonly 
called quadrupeds, with the naked whales and human 
]find« f^isl^es have the smaliest proportion, birds th^ 
l^^rg^ proportions of the eartby matter io, their bones* 
The an^al p^ in all is chiefly a gdi^nbus substanga 

PBOrOBTIONS or lA&THT OB. UIOBGANIO, AMD OW AHIMAL OB OBOAlTIOy 
IfATXU^ Uf XBB BpXlf or TB^ TW^iBi!!^ A]IU|AUK 



W.IBRM9* 

Silmon. Gif]». Cod. 

Oryapic .... 60.621 4p.40 8^.30. 

Inoigaiiic . . . 89.8S 69.60 66.70 

100.00 100.00 100.00 

' • * * 

BBPTILBS. 

Prog. Snake. Lizard. 

Organic .... 85.60 31.04 46.67 

I^<;kIgllI^9. . . . 64.50 69,96. 68.38 

100.00 100.00 100.00 

MAMMALS. 

Porpoise. Ox. Lion. I^Ian. 

Orgfuiic . . . .^5.00 81.00 27.70 81.03 

Inorganic . . .64.10 09.00 72.30 68,97 

100.00 100.00 100.00 100.00 
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PRIMART CLiSSIFtCATION OF BOKBS. 15 

Gooso. Turkey. Ilawk. 

Organic .... 32.91 30.49 26.72 

Inorgftaio . . . 67.09 69.51 73.28 

100.00 100.00 100.00 

From tbe above table, it will be worn that the bokies of 

the fresh-water fishes have more animal matter, and are, 
consequently, lighter than those of fishes from the denser 
element of sea- water; and that the marine mammal called 
porpoise differs little from the sea-fish in this respect 
The batrachian frog has more animal matter in its bones 
than the ophidian or saurian reptiles, and thereby, as in 
other respects, more resembles the fish. Serpents ahnost 
equal bii^ in the ^reat proportion of the osseous salts^ 
and hence the density and ivory-like whiteness of their 
bones. 

The chemical nature of the inorganic or hardening 
partides, and of the organic basis of bone, is exemplified 

in the subjoined table, including a species of each of the 
four classes of vertebrata: — 



OBBMIOAL OOMPOSinON Of BOMBS. 





HMTk. 




TortolM. 


Opd. 


phosphate of lime with trace 










of fluate of lime 


G4.a9 


69.63 


62.66 


67.29 


(!!!u*bonate of lime . 


7.08 


7.88 


12.68 


4.90 


Phosphate of magnesift . 


0.94 


1.82 


0.82 


2.40 


Sulphate, carbonftto, and ohlor- 










ate of soda 


0.92 


0.69 


i)M 


1.10 


Glutin and chondrin 


25.73 


29.70 


31.76 


82.81 


on 


0.99 


1.88 


1.84 


2.00 




100.00 


100.00 


100.00 


100.00 



Bony matter is very variously disposed in the bodies 
of vertebrate animals. The sturgeon, the crocodilei and 
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16 COMPOSITION OF B0KB8. 

the armadillo, are instances of its accumnlatioii upon or 
near the surface of the body ; and hence the ball-proof 
obaracter of the skin of the largest of these mailed exam- 
ples. The most constant position of bone is around the 
central masses of the nervous and vascular systems, with 
rays thence extending into the middle of the chief mus- 
cular masses, forming the bases of the limbs. Portions 
of bone are also developed to protect and otherwise sub- 
serve the organs of the senses, and in some species are 
found encasing mucus-ducts, and buried in the substance 
of certain viscera; as, e. the heart in the bullock and 
soma other large quadrupeds. Strong membranes, called 
''aponeurotic," and certain leaders or tendons, become 
bony in some animals; as, e. g.^ the "tentorium" in the 
oat, the temporal fascia in the turtle, the leaders of the 
leg-muscles in the turkey, the nuchal ligament in the 
mole, Fig. 41, and certain tendons of the abdominal 
muscles of the kangaroo, which, so ossified, are called the 
" marsupial bones," Fig. 44. 

For a dear and intelligible view of the osseous system 
in general, it has become requisite to make a primary 
classificatioa of its parts according to their prevalent 
position, as in the cases above cited. The superficial or 
skin-bones constitute the system of the ''dermoskeleton'' 
(from the Greek derma^ skin, and sheUttnC^'^ the deep-seated 
bones, in relation to the nervous axis and locomotion, 
form the ^^neuroskeleton" (Gr. neuron, uerve^ and skeleUm) ; 
the bones connected with the sense-organs and viscera 
form the "splanchnoskeleton (Gr. spla<jrhnon^ viscus, or 
inward part, and skeleton)] those developed in tendons, 
ligaments, and a})oneuroses, the "scleroskeleton" (Grr. 
aeleroB, hard, and akekUm). These technical terms may 
seem harsh, and sound strange, to those commencing the 
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Study oi the dtruefciu^ of ammak, but the most complex 
product of creation cannot be comprehended without 

terms expressive of the results of the classification and 
generalization of the manifold phenomena it offers to the 
oontMdplatiye student. 

In the arrangement of the parts of the dermo, splatichno, 
and scleroskeleton, no common pattern is recognizable. 
One can discern a definite end or purpose gained by the 
positions those terms indicate of ceiftain bony plates, cases, 
or rods, aind the special relation of such to the habits and 
well-being of the creatures manifesting them; but the 
diversity in the number, size, shape, and relative position 
of such dermal bones and visceral bones seems in* 
terminable. 

The head of the sturgeon. Fig. 1, is defended by a case 

of superficial bony plates, dS^dl, &c. ; and the body, 
by five longitudinal rows of similar plates — one extend- 



Fig. 1. 




DBRMO AVD HSDRO 8KKLKT0NS — 8TUBQEUM (Aoipenur Stttrio), 



ing along the mid-line of the back, cfe, els, one along each 
side of the body, dp, dp, and two along the belly, dh, dh, 
between the fins called pectoral," 67, and ventraL The 
obBervations <^ the ichthyologist, or of those concerned* 

2* 
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18 THE DSBMOSKELETON. 

in the capture of the sturgeons for the sake of their air- 
Uadder, ci which the most yaloable iMglaas consist 
show va how well the external defensiye armor of these 

fishes is adapted to their mode of life. The sturgeons 
may be called the scavengers of jthe great rivera which 
thfi7 fieqneat They habitually swim low, and groyeL 
akmg the bottom, taming up the mud and sand with their* 
pig-like snout, testing the disturbed matter with their 
fevers, 6, and feeding in shoals, on the decomposing 
ainimal and vegetable substances which are carried down 
wilih the debris of the continents drained by those rapid- 
currents; thus, they are ever busied reconverting the 
substances, which otherwise would tend to corrupt the 
ocean, into their own living organized matter. These 
fishes are, therefore, duly weighted by a ballast of dense 
dermal, osseous plates — not scattered at random over 
their surface, but regularly arranged, as every seaman 
knows how ballast should be, in orderly series along the 
middle and mdes of the body. The protection against 
the logs and stones hurried along their feeding-grounds, 
which the sturgeons derive from their plate armor, ren- 
ders needless the ossification of the immediate case of the 
brain and spinal marrow, and, consequently, all the parts 
of the neuroskeleton, cA, pl^ n, ns^ remain in the flexible, 
elastic, gristly state; the weight of the dermoskeleton 
requiring that the other systems of the skeleton should 
be kept as light as might be compatible with its defensive 
and sustaining functions. This view of the final purpose 
of the dermal bony plates in the existing sturgeons affords 
some insight into the habits and conditions of existence 
of the similarly nniiled extinct fishes which abounded in 
the seas of the secondary periods of the geological history 
of this planet. In moat of these fishes, as in the star* 
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^'-geoius, the dermal bones are coated extemallj with a 
maoh harder material, resembling enamel, and such fishes 

have accordingly been termed "ganoid," from the Greek 
word " ganos," signifying brightness. The ganoid plates 
in those extinct fishes are nsnally more cloee^set^ over- 
lapping each other, and being fastened together like tiles, 
by a peg of one entering a soekot in ibc next, and recip- 
rocally. Only two genera of fishes are now knowjx ta 
exhibit this beantiful arrangement of the dennal bonesy 
yiz. ihepohjptertia of the Kile, and the Upidoateua of tbei 
Ohio, and other great rivers of North America. 
In the armadillo, the dermal bones, ii'ig. 2, ob, are small^ 




POBnOHB OF OKBMO AH]» BXtBO BibBLBfOirS— ASKADILLO (^J^aMnu^ tHeinM), 

polygonal, usually five or six-sided, smooth on their inner 
surface, which rests on the soft subcutaneous layer of cel- 
lular tissue, variously sculptured on the outer and ex- 
posed side, but with a pattern constant in, and character- 
istic of, each species. They are united together at their 
thick margins by rough or " sutural" surfaces, and resem- 
ble a tessellated payement* The trunk is protected by a 
large buckler of this bony armor; the head is defended 
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bj a casque of the same ; and the tail is encased in a sheath 
of similar interlod^ed ossicles. To allow of the requisite 

movements of the trunk in the small existing armadillos, 

which, when attacked, roll themselves into a ball, from 
three to nine transverse rows of the dermal bones, b 5, 
are interposed, having a yielding elastio junction with 
each other, and with the anterior, o o, and posterior fixed, 
and larger, parts of the trunk-armor ; and by this modifi- 
cation the head and limbs can be withdrawn beneath the 
armor, when its parts are pulled together by the strong 
cutaneous muscles into a hemispheric form. In South 
America, to which continent the armadillos are peculiar, 
remains of gigantic quadrupeds, similarly defended, have 
been discovered in the more recent tertiary deposits; but 
in these colossal armadillos {Olyptodem) the trunk-armor 
was in one immovable piece, covering the back and sides, 
and was not divided by bands. Besides the defence which 
such a modification of the integuments would alYord 
against the attacks of predatory animals, the armadillos 
and glyptodens habitually frequenting the great forests 
of South America may have been protected by the same 
hard, arched covering from falling timber. 

Such are some of the instances of the structure and 
uses of the dermoskeleton in the vertebrate province. 
The development of this system of the skeleton is not 
dependent on the grade of organization, for we find it in 
the highest and in the lowest classes ; nor does a great 
amount of osseous matter in the skin necessarily involve 
a small amount or absence of the same matter in the 
deeper-seated skeleton ; for all the parts of this system of 
bones, a, c, rn^ w, are as well developed and as well 
ossified in the armadillos as in the quadrupeds which are 
covered by hair. The different states of the neuroskele- 
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ton, in tlie sturgeon and armadillo, are explicable only 
with reference to the diii'erent media and other conditions 
under which the two yertebrates were destined to exist. 

In no species, and in no system of the skeleton, are 
bones a primary formation of the animal: they are the 
result of transmutations of pre-ej^isting tissues, as sub- 
stances composing animal bodies — e, g, nerv^, muscle, 
membrane, &c. — are called. The inorganic salts, defined 
in the tabular view of the composition of bone, pre-exist 
in the blood, in the albumen of the egg of the oviparous 
vertebrates, and in the milk which nourishes the new-born 
mammal. 

The primitive basis, or "blastema," of bone is a sub- 
transparent glairy matter, containing a multitude of 
minute corpuscles. It progressively acquires increased 
firmness — sometimes assumcis a membranous or ligament- 
ous state, sometimes a gristly state, before its conversion 
into bone. Its assumption of the gristly state is attended 
by the appearance in it of numerous minute nucleated 
cells. As the gristle or cartilage" hardens, these cells 
increase in number and size, and are aggregated in rows at 
the part where ossification is about to begin. These rows, 
in the cartilaginous basis of long bones, are vertical to its 
ends — ^in that of flat bones they are vertical to the peri- 
pheral edge. The nucleated cells are the instruments by 
which the earthy particles are arranged in order; and in 
bone, as in tooth, there may be discerned, in this prede« 
termined arrangement, the same relation to the acquisi- 
tion of strength and power of resistance, with the greatest 
economy of the building material, as in the disposition of 
the beams and columns of a work of human architect 
ture. 

Osteinc, ;so formed, is arranged in thin plates, conceu- 
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trically around the vascular canals, around the entire cir- 
cumference of the long bones, and in interrupted plates, 
oolmeding togeiher the -vraUs of tba Tascular caztals, so 
as often to give rise to a Tetumkr dispositioii of ihto boby 

substance. 

In fishes, the bones continue to grow throughout life ; 
and their peripheiy, whether in the flat bones of the head 
which overlap each other, or the thicker bones that inter- 
lock, is cartilaginous or membranous, and the seat of pro- 
gressive ossification. The long bones of most reptiles 
retain a layer of ossifying cartilage beneath the terminal ^ 
articular cartilage; and growth continues at their ex- 
tremities while life endures. Some of the long bones in 
frogs, birds, and most of those in mammals, have their 
ends distinct from the body or shaft of the growing bone, 
these separately ossified ends being termed epiphyses." 
The seat of the active growth of the shaft is in a cartila- ^ 
ginous crust at the ends supporting the epiphyses; when 
these coalesce with the shaft, growth in the direction of 
the bones' axis comes to an end; but there is a slower 
growth going on over the entire periphery of the bone, 
which is covered by a membrane called the periosteum." 
In this membrane, the vascular system of a bone, except 
the vessel supplying the marrow-cavity, undergoes the 
amount of subdivision which reduces its capillaries to 
\ dimensions suited for penetrating the pores leading to the 
vascular canals. 

Thus bone is a living and a vascular part, growing by 
internal molecular addition and change, and having the 
power of repairing fracture or other injury. The shells 
and crusts of molluscous and crustaceous animals arc un- 
vascular ; they grow by the addition of layers to their 
circumference, maj;,be cast off when too small for the 
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growing body, apd be reproduced of a more conformable ^ 
ftusQ. Whm fractnied, tbe broken parts may be cemented 
together by newly superadded shell-snbstance from with* 
out; but are not unitable by tb^ action of the fractured 
gurfacea from within. 

fb^tj^nsiou of parts, however, is not the sole prooe^V 
which takes place in the growth of bone; to adapt a bone 
to its destined office, changes are wrought in it by the 
removal of parts previously formed. In fishes, indeed, 
we observe a simple' unmodified increase. To whatever 
extent the bone is ossified, that part remains, and, conse* 
quentl V, most of the bones of fishes are solid or spongy 
in their interior, except where the ossification has beoa 
restricted to the aur&oe of the primary gristly mould* 
The bones of the heavy and sluggish turtles and sloths, 
of the seals, and of the Avhale-tribe, are solid. But in the 
active land quadrupeds, the shaft of the long bones of the 
limbs is hoUow, the first-formed osseous substance being 
absorbed as new bone is being deposited from without* 
The strength and lightness of the limb-bones are thus 
increased after the well-known principle of the hollow, 
column, which Qalileo, by. means of a straw picked up 
from his prison floor, exemplified, in refutation of a charge 
of Atheism brought against liim by the Inquisition. The 
bones of birds, especially those of powerful flight, are ret 
markabl^ for their lightiiesa The osseous tissue itself iS| 
indeed, more compact than in other animals; but its quan- 
tity in any given bone is much less, the most admirable 
economy being traceable throughout the skeleton of birds, 
in the advantageous arrangement of the weighty material* 
Thus, in the long bones, the cavities analogous to those 
called " medullary" in beasts, are more capacious, aud 
their walls are much thinner. A large aperture called 
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the "pneumatic foramon," near one end of the bone, com- 
municates with its interior, and an air-cell, or prolongs- 
tion of the lung, is con^ued into and lines the cavity of 

the bone, which is thus filled with rarefied air instead of 
marrow. The extremities of such air-bones present a 
light open network, slender columns shooting across in 
difibrent directions from wall to wall, and these little 
columns are likewise hollow. 

The enormous beak of the hornbiU, which seems at 
first sight to constitute so grave an impediment to flighty 
forms one enormous air-cell, with very thin bony walls; 
and in this bird, in the swifts, and the humming-birds, 
every bone of the skeleton, down to the last joints of the 
toes, is permeated by hot air. The opposite extreme to 
the aboTC members of the feathered dass is met with in 
the terrestrial apteryx (wingless bird of New Zealand), 
and in the acj^uatic penguin; in both of which, not any 
bone of the skeleton receives air. Intermediate grada- 
tions in the extent to which the skeleton is permeated by 
air occur in different birds, and in relative proportion to 
their different kinds and power of flight. 

In the mammalian class, the air-cells of bone are con- 
fined to the head, and are filled from the cavities of the 
nose or ear, not from the lungs. Such cells are ^called 
"frontal sinuses," "antrum," "sphenoidal" and "ethmoidal 
sinuses" in man. The frontal sinuses extend backwards 
over the top of the skull in the ruminant and some other 
quadrupeds, and penetrate the cores of the horns in oxen, 
sheep, and a few antelopes. ^ The most remarkable de- 
velopment of air-cells in the mammalian class is presented 
by the elephant; the intellectual physiognomy of this 



huge quadruped being caused, as in the owl, not by the 
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actual capaoity of the brain-^case, but by the enormous 
extent of the pneumatic cellular structure between the 

outer and inner plates of the skull- walls. 

.In all these varied modifications of the osseous tissue, 
the cavities therein, whether mere cancelli, or small me- 
dullarj cavities as in the crocodile, or large medullary- 
cavities as in the ox, or pneumatic cavities and sinuses 
as in the owl, are the result of secondary changes by 
absorption, and nojb of the primitive constitution of the 
bones. These are solid at their commencement in all 
classes, and the vacuities are established by the removal 
of osseous matter previously formed, whilst increase pro- 
ceeds by fresh bone being added to the exterior sur&ce. 
The thinnest-walled and widest air-bone of the bird ci 
flight was first solid, next a marrow-bone, and finally 
became the case of an air-cell. The solid bones of the 
penguin, and the medullary femur of apteryx, exemplify 
arrested stages of that course of development through 
which the pneumatic wing-bone of the soaring eagle had 
previously passed. 

But these mechanical modifications do not exhaust all 
the changes through which th^parts of a skeleton, ulti- 
mately becoming bone, have passed ; they have been pre- 
viously of a fibrous or of a cartilaginous tissue, or both. 
£ntire skeletons, and parts of skeletons, of vertebrate 
animals exhibit arrests of these early stages of develop- 
ment; and this quite irrespective of the grade of the 
entire animal in the zoological scale. The capsule of the\ 
eyeball, for example, in man, is a fibrous membrane ; in 
the turtle, it is gristle; in the tunny, and most other \ 
fishes, it is bone. The skeletal framework of the little. 
l3ince\et-^sh(JBranchmio)na) does not go beyond the fibrous 
8 
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Stage of time diange.^ In AestQi^geoii, skate, and shark, 

it stops at the gristly stage, and henoe these fishes are 

called "cartilaginous." In most fishes, and all air-breath- 
ing vertebrates, it proceeds to the bouy stage, with the 
subsequent modifications and deyelopments above redlecL 

The main part of the skeleton — what may be termed the 
skeleton proper — consists of the n euro-skeleton ; and it 
is in the construction of this sjstem that the most interest- 
ing and beautiful evidences of unity <^ plan, as well as 
of adaptation to end, have been discerned. The parts of 
the neuroskeleton are arranged in a series of segments, 
following and articulating with each other, in the direc- 
tion of the axis of the body, from before backwards in 
brutes, from above downwards in man. 

Each complete segment, called " vertebra," consists of 
a series of osseous pieces, arranged according to one and 
the same plan (Fig. 8), viz : so as to form a bony hoop, or 
arch, above a central piece, for the protection of a seg- 
ment of the nervous axis, and a bony hoop, or arch, 
beneath the central piece, for the protection of a segment 
of the vascular system. The upper hoop is called the 
'^neural arch," N. (Gr. netron, nerve); the lower one, the 
"haemal arch," H (Gr. haima^ blood) ; their common centre 
is termed the "centrum," c (Gr. kentron^ centre). Tht^ 
neural arch is formed by a pair of bones, called "neura- 
pophyses," n n (Gr. for nerve and apophysis, a projeotizig 
part or process) ; and by a bone, sometimes cleft or bifid, 
called the "neural spine," m; it also sometimes includes a 
pair of bones, called " diapophyses," d d (Gr. dia^ across, 
or transverse, and apophysis). The luemal arch is formed 

* The doctrine or stndj of this Idnd of doTelopment — the deTelopment 
of ntbetaaee end texture, as eontradietingiiished from that of aiae and 
shape— 4s now termed '* Histology," from the Greek AmIm, net or tissue, 
and logoti a doctrine or discourse. 
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by a pair of bones called " pleurapophyses," ;pl (Gr^ 
pleuron, rib, and apophysis) ; by 
a second pair, called "baenaapo- Fig. 8. 

pbyses,'' h (Gt. for blood, and 
apopbysis ; and by a bone some- 
times ' bifid, called the " bsBmal 
spine,'' ha. It also sometimes 
indades parts, or bones, called 
"parapophyses" (Qr,para, trans- 
verse, and apophysis). Bones, 
moreover, are developed, which 
diverge as rays, from one or more 
parts of a vertebra. 

The parts of a vertebra which 
are developed from independent 
centres of ossification are called 
"autogenous;" those parts that vtpioai. tibtsbba^idsal.) 
grow out from previously ossified 

parts are called " exogenous;" the autogenous parts of a 
vertebra are its elements," the exogenous parts its "pro- 
cesses." No part, however, is absolutely autogenous 
throughout the vertebrate series, and some that are exo- 
gcnous in most arc autogenous in a few instances. The 
line cannot be strictly drawn; and, in classifying the parts 
of a vertebra, as of other parts of animals, or of entire 
animals, the systematist must be guided bj general rules, 
to which there will ever be some exceptions. 

The elements, or autogenous parts, of a vertebra are 
the centrum, c, the neurapophyses, », the neural spine, tw, 
the pleurapophyses, pi, the hsBmapophyses, A, and the 
hsamal spine, ha. The exogenous parts are the diapophy- 
sis (Fig. 5), fZ, the parapophysis (ib.) the zygapophysis 
(Fig. 5), z (Gr. zugosj junction^ and apopbysis), the ana- 
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pophysis (Fig. 2), a (Gr. ana^ backwards, and apophysis), 
the metapophysis (ib,), m (Gr. meta, between, and apophy- 
sis), the hypapophysis (Fig. 5), y (Gr. hypo^ below, and 
apophysis), and the epapophysis (Fig. 4), e (Gr. epi] above, 
and apophysis). Of the autogenous parts, the neural spine 
is most commonly exogenous ; of the exogenous parts, the 
parapopbyses, diapophyaes, and hjpapophjseB are some- 
times autogenous. 

Yertebrro are subject to many and great rnodiiications 
— c. as to the number of the elements retained in their 
composition, as to the form and proportion of the elementSi 
and even as to the relative position- of the elements; 
but the latter modification is never carried to such a 
degree as to obscure the general pattern or type of the 
segment. 



Fig. 4. Fig. 6. Fig. 6. 




PARIETAL SEGMENT, OB THORACIC SEGMCIRV OB TTPIOAL VBBTBBBA. 

TCRTBBRA — MAX. VERTEBRA — 

RAYEN. 



Sometimes, as in the example (Fig. 4) of the third seg* 
ment of the human skeleton, the neural arch, N, is mud 
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expanded, the hiemal 
one, H, is contracted ; 
and, in the expanded 
neural arch, the auto- 
genous diapophyses, dd^ 
are wedged between the 
neurapophyses, n, and 
the enormously ex- 
panded neural spine, 
na» More commonly, 
as in the example from 
the raven's thorax (Fig. 
6), the haemal arch, H, 
is much expanded, the 
neural one, N, contract- 
ed; and in the expanded 
hasmal arch, the para- 
pophysis, here exo- 
genous, is wedged be- 
tween the centrum, C, 
and the pleurapophysis, 
pL Sometimes, again, 
as is exemplified in the 
tail of the crocodile and 
of many other animals, 
both neural and haemal 
arches are alike con- 
tracted ; the pleur apo- 
physes, pl^ being ex- 
cluded from the latter, 
and standing out as con- 
tinuations of the conflu- 
ent diapophyses, cZ, and 
3* 
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parapophysesi p. Such vertebrsB deviate but little from 
the ideal type of the vertebra, under its less developed 

condition, as in Fig. 6. The segments are commonly 
simpliiied and made smaller as they approach the end of 
the vertebral column or axis, one ^ment or process after 
another is removed, until the vertebra is reduced to its 
centrum, as in the subjoined diagram (Fig. 7) of the arche- 
type vertebrate skeleton. In this scheme, which gives a 
side view of the series of segments or vertebrae, the nature 
of the principal modifications to which they are subject 
are indicated, at the two extremes of the series. 

As the four anterior divisions of the great trunk of the 
nervous system are called, collectively, "brain," so the 
four corresponding segments of the osseous system are 
called "skulL" The head, therefore, is not otherwise a 
repetition of the trunk, than in so fer as each segment of 
the skull is a repetition or "homotype" of every other 
segment of the body; each being subject to modifications 
which may give it an individual character, without obli- 
terating its typical features. So neither are the "arms'* 
and "legs" repeated in the head in any other sense than as 
the cranial vertebras may retain their "diverging append- 
ages," 25, 87, 44, 53, a. The fore-limbs are actually 
such appendages, 53, of the occipital vertebra, 1, 3, 2, 51, 
52, 59, which appendages undergo modifications closely 
analogous to those of the appendages of the pelvic seg- 
ment, or "hind limbs," 65. And inasmuch as in one 
class the pelvic appendages, with their supporting hnmal 
arch, 63, hs^ are detached from the rest of their segment, 
and subject to changes of position (Fig. 9), 63, 69 ; so also 
in other classes the appendages of the occipital segment 
are liable to be detached, with their sustaining hasmaL 
arch, and to be transported to various distances from their 
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proper centrum and nennd arch, as in Fig. 21, Not. 61, 

63, 57. 

The four anterior neurapopliyses, 14, 10, 6, 2, give issue 
to the nerves, the terminal modifications of which consti- 
tate the organs of special sense. 

The first or foremost of these is the organ of smell, 19, 
always situated immediately in advance of its proper seg- 
ment, which becomes variously and extensively modified 
to inclose and protect il 

The second is the organ of sight, 17, lodged in a cavity 
or " orbit" between its own and the nasal segment, but 
here indicated above that interspace. 

The third is the organ (tf taste, the nerve of which 
perforates the neurapophysis, 6, of its proper segment, 
called " parietal vertebra," or passes by a notch between 
this and the neurapophysis, 10, of the frontal vertebra, 
to expand in the organ, which is always lodged below, 
in the cavity called " mouth," and is supported by the 
hjemal spine, 41, hs^ of its own vertebra. 

The fourth is the organ of hearing, 16, indicated above 
the interspace between the neurapophysis of its own 
(occipital) and that of the antecedent (parietal) vertebra, 
in which it is always lodged; the surrounding vertebral 
elements being modified to form the cavity for its recep- 
tion, which is called otocrane." The jaws are the modi- 
fied hieraal arches of the first two segments. 

The mouth opens at the interspace between these hnsmal 
arches; the position of the vent varies (in fishes), but 
always opens behind the pelvic arch, S, 62, 63, ^, when 

this is ossified. 

Outlines of the chief developments of the dermoskeleton 
in different vertebrates, which are usually more or less 
ossified, are added to the neuroskeletal archetype; as, 
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e. g. the median horn sapported by the nasal spine, 16, in 
the rhinoceros ; the pair of lateral horns developed frmt 

the froutal spine, 11, in most ruminants; the median folds, 
Dl, Dii, above the neural spines, one or more in number, 
constitnting the dorsal" fin or fins in fishes and eetaeesns^ 



similar folds are sometimes developed at the end of the 
tail, forming a "caudal" fin, C, and beneath the hcemal 
spines, constitnting the "anal" fin or fins, A, of fishes. 

The different elements of the primary segments are 
distinguished by peculiar markings:-^ 




The neurapophyses by diagonal lines, thus — 

The parapophyses by horizontal linea~- ^S 
The umtnm hj decuflBftting horiiontal and T«rtioal lineai ^ 
The f knn^q^Vrwa by diagonal UaM— 





The appendages by dota — ' • • • • 

The neural spines and hntnal spines are left blank. 

In certain segments, the elements are also specified bj 
the initials of their names:— 

ns is the neural spine. 
n is the neurnpopliysis. 
pi is the pleuniiiophybia. 
c is the centrum. 

h is the hoamapophysis, also indicated by the Nos. 21, 29, 44, 

52, 58, 68, 64. 
hs is the hioinal spine. 
a is the appendage. 

The centrnm is the most constant vertebral element as 

to its existence, but not as to its ossification. There are 
some living lishes — and formerly there were manj, now 
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extinct — in which, whilst the peripheral elements of the 
vertebra become ossified, the central one remains onos- 
sified ; and here a few words are requisite as to the de- 
velopment of vertebrae. 

The central basis of the neuro-skeleton is laid down m 
the embryo of every vertebrate animal, as a more or less 
cylindrical fibrous sheath, filled with simple cells con- 
taining jelly. This fibro-cellulo-gelatinous column is 
called "notochord," Fig. 1, ch (Gr. notos, black; chorda^ 
cord; in Latin, chorda dorsalis"). The centrums, or 
bodies of the vertebrso," as anthropotomists call them, 
are developed in and from the notochord. The bases of 
the other elements of the vertebra are laid down in fibrous 
bands, diverging from the notochord, and giving the first 
indication of the segmental character of the skeleton. At 
this stage, the skeletons of the little fish called " lancelet" 
{Amphioxus Ixmceohtus) is arrested. These fibrous bands 
are next converted into cartilage, and the cartilage is in 
definite pieces in each segment, recognizable as *^nenra- 
pophyses" (Fig. 1), n\ " plearapophyses" {{b.\ pi] "neural 
spine" (//>), 7is — the centrums still remaining in their 
primitive state as the undivided notochord (ib), ch. At 
this stage, the skeleton of the sturgeon is arrested. The 
peripheral elements msj be converted into bone, the cen- 
tral ones remaining as notochord, as in the protopterus, 
the lepidosiren, and many fossil fishes. But, more com- 
monly, the next stage is the subdivision of the notochord 
into a series of separate centrums, corresponding with the 
pairs of neurapophyses and pleurapophyses — ossification 
of all tlie parts being more or less imperfect, as in the 
sharks and ravs, which have thence been called "cartila- 
ginous fishes." When the parts of the vertebr» have 
become more completely ossified, as in the fishes called 
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^^oaaeoofl^" oaftification is rarely so advanced as in tbo 

higher vertebrata. In most of these 
^- fishes, e. g.^ a deep cavity is left at each 
end of the centrum (Fig. 8), cc, which 
cavity continues to be occupied by the 
liqa^ed gelatinous zmnains of ths 
primitiTe notochord; and thechMrao 
teristic of such element in a fish's 
ncrn. OF TEBTBBRJE g^deton ia, that it is " biconcave." Of 

the nuBor amount of the earthy mat- 
ter in ossified parts of the skeleton of fishes, mention 
Las beeu already made; and the consequent greater flexi- 
bility and elasticity of such bones may be readUy tested 
bj whoever will bend one of the long spines in the skel^ 
ton of a ood or tnrbot, and contrast its flexibility with 
that <^ the similarly-shaped long and slender bone (pubis, 
or fibuloLj 6. g) which he may find in the Christmas turkey 
that follows in the feast. 

Two or more contigoons Yertebise are freqnently sob- 
jeetod to the same kind oi modification, either by way of 
excess or defect, and such groups of modified segments 
have received special names; such, for example, as "skull" 
(snmnimX "neck" {cermx\ "chest" {fharQx\ "pelyis," and 
^tail" (odtidb); and these terms are reciprocally applied, 
when modilied as adjectives, to the individual vertebrsB 
so grouped together, and which are called "cranial ver- 
tebras^" "cervical vertebrso," "dorsal" or "thoracic yer- 
tebraa,'' "saoral" or "pelvic vertebm," and '^caodal ver- 
tebrsQ." 
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SKELETON OF THE FISH. 

In all fishes, the extent of ossification is less than ia 
the higher yertebrate classes. Only in the skull do we 
find all the elements of the typical segment represented 
hy bone. In the trunk, e. the hjemapophyscs and 
hsBmal spines never advance beyond the fibro.us stage of 
tissne deydopment 

Four segments enter into the composition of the skull 
of fishes, answering to the first four in the archetype (Fig. 
7), and they combine to constitute the bony framework 
of a head, larger in proportion to the trunk than in any 
other class of animals. The skull (Fig. 9), 8, 52, 5r, forms 
a cone, whose base is vertical, directed backwards, and 
joined to the trunk without an intervening neck, and 
whose sides are commonly three in number, one superior, ^ 
* and two lateral and inferior. The cone is shorter or 
longer, more or less compressed or squeezed from side to 
side, more or less depressed or flattened from above down- 
wards, with a sharper or blunter apex, in different species 
of fishes. The base of the skull m perforated by the hole, 
called "foramen magnum," for the exit of the spinal mar- 
row ; the apex is more or less widely and deeply cleft 
transversely by the aperture of the mouth; the eye-sockets 
or "orbits,'' or, are lateral, large, and usually with a fre0 
and wide intercommunication in the skeletcm ; the two 
vertical fissures behind arc called "gill-slits," or branchial 
or opercular apertures, and there is a mechanism, like a 
door, S4, B6, 36, for opening and closing them. The 
mouth receiyes not only the food, but also the streams of 
water for respiration (indicated by the arrow ^r), which 
escape by the gill-slits. The head contains not only the 
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brain and organs of sense, bnt likewise the heart and 

breathing orgaus. The inferior or "hienial" arches are 
greatly developed accordingly, and their diverging append- 
ages support membranes that can act upon the surround- 
ing fluid, and are more or less employed in locomotion; 
one pair of these appendages, P, 57, answers, in fact, to the 
fore-limbs in higher animals, and their sustaining arch, 
51, 52, in many fishes, also supports the homologuea of 
the hind-limbs, V, 69. Thus brain and sense-organs, jaws 
and tongue, heart and gills, arms and legs, may all belong 
to the head ; and the disjiroportionate size of the skull, and 
its firm attachment to the trunk, required by these func- 
tions, are precisely the conditions most &yorable for £Etcili- 
tating the course of the fish through its native element 

It may well be conceived, then, that more bones enter 
into the formation of the skull in fishes than in any other 
animals; and the composition of this skull has been 
rightly deemed the most difficult problem in comparative % 
anatomy. "It is truly remarkable," writes the gifted 
Oken, to whom we owe the first clue to its solution, 
" what it costs to solve any one problem in philosophical 
anatomy. Without knowing the what^ the how^ and the 
why, one may stand, not for hours or days, but weeks, 
before a fislrs skull, and our contemplation will be little 
more than a vacant stare at its complex stalactitic form." 
• To show whai the bones are that enter into the com- 
position of the skull of the fish ; Aot&, or according to what 
law, they are there arranged ; and ivhy^ or to what end, 
they are modified, so as to deviate from that law or arche- 
type, will next be our aim. These points, rightly under- 
stood, yield the key to the composition of the skull in all 
vertebrata, and they cannot be omitted without detriment 
to the main end of the most elementary essay on the 
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skeletons of animals. The comprclicnsion of the descrip- 
tioa will be facilitated by reference to Figs. 7 and 9 ; and 
still more if the reader have at hand the skull of any 
large fish. 

In the cod {Gddns morrhuaY^ e.g.^ it may be observed, 
in the first place, that most of the bones are, more or less, 
like large scales; hare what, in anatomy, is called the 
^ squamous" character and mode of union, being flattened, 
thinned off at the edge, and overlapping one another ; and 
one sees that, though the skull, as a whole, has less free- 
dom of movement on the trunk, more of the component 
bones enjoy independent movements. Before we proceed 
to pull apart the bones, it may be well to remark that the 
principal cavities, formed by their coadaptation, are the 
« cranium," lodging the brm and the organs of hearing; 
the "orbital," Fig. 9, or, and the "nasal," n/, chambers; the 
buccal and branchial canals, hr. Some of these cavities 
are not well defined. The exterior of the skull is tra- 
versed by five longitudinal crests, intercepting four chan- 
nels which lodge the beginnings of the great muscles of 
the upper half of the trunk. The median crest is de- 
veloped to an extreme height in some fishes, as, e. 7., the 
dolphin and light-horseman fish (j^p%)pti«). The fiat- 
fishes (turbot, sole, &o.) are remarkable for the unsym- 
metrical character of the skull, in consequence of both 
eyes being placed on one side of the head. 

In the analysis of the cod's skull it is best to begin at 
the back part; for the segments of the skeleton deviate 
most from the archetype as they recede in position to- 
wards the two extremes of the body. After a little prac- 
tice, one succeeds in detaching the bones which form the 

^ The skull of this fish, conveniently prepared for this cxaminatioOi 
may be had of Mr. Flower, No. 22 lAmbelii Tenaoe, Lambeth Road. 

4 
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back part or base of the conical skull, and whicb immedi- 
ately precede and join thoee of the trank; we thus obtain 
a " segment" or "vertebra" of the skull. If we next pro- 
ceed to separate a little the bones composing this segment, 
we £nd those that were most closely interlocked to be in 
number and arrangement as follows: Two single and 
symmetrical bones, and two pairs of unsymmetrical bones, 
forming a circle ; or, if the lower symmetrical bone, which 
is the largest, be regarded as the base, the other five form 
an arch supported by it, of which the upper symmetrical 
bone is the keystone.^ This answers to the "neural" 
arch of the typical vertebra: the base-bone is the "cen- 
trum," c ; the pair of bones, which articulated w^ith its 
upper surface and protected the hind division of the brain, 
form the " neurapophyses," n; the smaller pair of bones, - 
projecting outwards, like transverse processes, are the 
" diapophyses," d; the syirnrietrical bone completing the 
arch, and terminating above in a long crest or spine, is 
the "neural spine," m. It will be observed^ that the oeor 

irum is concave at that surface which articulates with the 

* 

centrum of tlie first vertebra of the trunk ; the opposite 
surface is also concave, but expanded and very irregular, 
in order to effect a much firmer union with the centrum 
of the next cranial segment in advance — ^great strength 
and fixity 1)eing required in this part of the skeleton, 
instead of the mobility and elasticity which is needed in 
the vertebral column of the trunk. It may be also ob- 
served that the " neurapophyses" are perforated, like most 
of those in the trunk, for the passage of nerves ; that the 
diapophyses give attachment to the bones which form the 
great inferior or haemal arch ; and that the neural spine 

• See my work "On the Archetype of the Skeleton," 8to. 1848, p. 10, 
Fig. 1. 
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retains much of the shape of the parts so called in the 
trunk. Nevertheless, the elements of the neural aroh of 
ikis hindmost segment of the skull have undergone so 
much development and modification of shape, that they 
have received special names, and have been enumerated 
aa ao many distinct aud particular bonea« Tine oeatromi 
No. 1^ is called ^'bastoocipltal;" the neurapophyses, No. 
2, " exoccipitals ;" the neural spine, No. 3, " superoccipi- 
tal;" the diapophysea, No. 4^ " paroccipitafe." In the 
]inman.akelato& aU thoad parts are blended togetfaeor into 
a mass, which is called the occipital bone.^ 

The entire segment, here disarticulated, in the cod-fish, 
ia called the " occipital vertebra," and in it we have next 
to notkaa the wiMj ^cpanded inferior or h»mal aroh. 
This consists of three pairs of bonesL The first pair ava 
bifurcate, and have two points of attachment to the neural 
arch, the lower prong, answering to what is called the 
^head of the rib^" abutting upm the nourapofhyaia i that - 
upper prong, answering to the ''tuberole of the rib,'* 
articulating to the diapopliysis. The second pair of bones 
are long and slander, and represent the body of the rib. 
The first and aeoond piece together answer to the elemeiki 
oalled ^'pleurapophysis; the third pair of bones are ihci 
" haemapophyses these support diverging appendages 
consisting of many bones and rays. The special names 
of above dements of the ha»mal areh of the occipital 
^ertelm are, from above downwards, '^suprascapular'* 
No. 50; "scapula," No. 51 ; "coracoid," No. 52. The in- 
verted arch, so formed, encompasses, supports, and pro- 
tects the heart or centre of the haemal system; it is called 
the " scapular arch," There are animals — the gy nmotho- 
rax and slow-worm, e. g. — in which this arch su])})orts no 
appendage; there are fishes— the ^ro^^ert^, e. g. Wig. 32 — 
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in which it supports an appendage in the form of a single 
many-joiuted ray, retaining the archetypal character, Fig. 
7, No. 53. In other fishes, the number of rays progress- 
ively increase, until, in those called "rays" pxt excelleneej 
they exceed a hundred in number, and are of great 
length, forming the chief and most conspicuous parts of 
the fish. The more common condition of the appendage 
in question is that exhibited in the species fguied. Gat 9. 
So developed, it is called in ichthyology the "pectoral 
fin otherwise and variously modified in higher animals, 
the same part becomes a fore-leg, a wing, an arm, and 
hand. Some of the special names, originally applied to 
the parts of the scapular appendage in man, aise retained 
and applied to like parts in the pectoral lin of the fish. 
Of the two flat bones connecting the fin with the coracoid, 
the upper one is the " ulna," No. 54 ; the lower one the 

radius," No. 55; the row of short bones joined with 
these are the "carpals," No. 56 ; the longer and more 
slender many -jointed rays answer to the parts called 

metacarpals" and " phalanges" in the human hand. In 
the salmon there is a bone answering to the arm-bone or 
humerus, which is articulated to the middle of the baok 
part of the coracoid by a transversely elongated ex- 
tremity. It is also expanded at the distal end, where it 
articulates by cartilage with the ulna and radius. The 
ulna is a semicircular plate of bone perforated in the 
centre, and, besides its articulation with the humerus, the 
radius, and the ulnar carpals and metacarpal ray, it also 
directly joins the broad coracoid. The radius, after ex- 
panding to unite with the humerus, the ulna, and the 
radial carpals, sends a long and broad process downwards 
and inwards, which is united by ligament with its fellow 
and with the lower termination of the coracoid. A basis 

4* 
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of adequate extent and firmness is thus insmed for tbe 

support of the pectoral fins. The car[):il bones of these 
fim are four in number, progressively increasing in length 
from the ulnar to the radial side of the wrist The meta- 
earpo-phalangial rays are thirteen in niomber; the upper* 
most or ulnar one being the strongest^ and articulating 
directly with the ulna. 

Proceeding to the next segment, in advance, in the cod- 
fish's aknlli we find that the bone whioh artkmlaited with 
the centrum of the occipital segment is continued forward 
beneath a great proportion of the skull. In quadrupeds, 
however, the corresponding part of the base of the skull 
is occupied by two bones ; and if the single long bone in 
the fish be sawn across at the part where the natural 
suture exists in the beast, we have then little difficulty in 
disarticulating and bringing away with it a series of bones 
similar in number and arrangement to those of the oo* 
cipital segment 

In the skeletons of most animals the centrums of two 
or more segmeots become, in certain parts of the body, 
coufiuent, or they may be connate; they form^ in fact, one 
bone, like that, e.^., which human anatomists call sa- 
crum." By the term '^confluent*^ k meant the cohesion 
or blending together of two bones w Inch were originally 
separate ; by " connate^," that the ossihcatiou of the com- 
mon fibrous or cartilaginous bases of two bones proceeds 
fix>m one point or centre, and so converts such bases into 
one bone : this is the case, e. g., in the radius and ulna of 
the frog, and in its tibia and fibula. In both instances 
they are to the eye a single bone ; but the mind, trana- 
oending the senses, recognizes such single bone as being 
essentially two. In like manner, it recognizes the oc- 
cipital bone" of man as esiicntially four bones j but these 
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ka¥9 become " oonfluenl," and were not "connite.'^ The 

oentruras of the two middle segmenta of the fish's skoll 
ftre coiiuate, and the little violence above recommended is 
requisite to detach the penoltunate segment of the skull, 
Wbea detach^ (b^ bones of it are seen to be 00 arranged 
1^ to form a neural and a hsemal arch. In the neural arch 
tho centrumi neurapophyses, diapophyse^, ^nd aeural spine 
lure di0tin.et: m<Nreover, the Benral spine in Ae cod, and 
many other fishes, ia bifid, or split at the median line*^ 
The centrum is called " basisphenoid," No. 5 ; the neura- 
pophysis, " aliapbeuoid," No, 6; the neural spine, "pa- 
ri^al}" No. 7 ; and the diapopbjsis, mastoid," No. 8. 
The alisphenoids protect the sides of the optic lobes, and 
the rest of the penultimate segment of the brain; the 
mastoids project outwards and backwards as strong trans- 
verse pro^eises, and give attachment to the piers-cf the 
great inverted haomal arch. Before notioing the strueture 
of this, I may remark that, in the recent cod-fish, the casCt 
partly gristly, partly bony, which conti^ins the organ of 
Clearing, is wedged in between the last and penultimate 
neural arches of the skull. The extent to which the w 
case is ossified yaries in difierent fishes, but the bone is 
always developed in the outer wall of the case. In the 
ood-fish it is unuauaUy large, and is called "petrosal," 
"So, 16 ; it forms no part of the segmented neuroskeleton. 
In the organ which it contributes to inclose, there is a 
body as hard as shell, like half a split almond ; it is the 
*' otosteal," No. 16, or proper ear-bone. 

The luemal aroh consists of a pleurapophysis and a 
bsemapophysis on each side, and a hflsmal spine; but all 
these elements are subdivided ; the pleurapopbysis into 
two parts, the upper one called "epit^mp^nic," 2^, a 

» " Archetjrpe Vert. Skel.," p. 11, Fig. 2, 
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(oommon to this and the next arch in advance); the Jawier 
one " styloLyal,'' No. 38. The hnmapophysis is a broader, 

slightly arched bone; the upper division is called "epi- 
hyal," No. 89; the lower division, "ceratohyal," No. 40. 
The hsBmal spine is subdivided into four stumpy bones, 
called coUectiv^y '^basihjal," No. 41; and whii^ in most 
fishes^ support a bone directed forwards, entering the sab- 
stance of the tongue, called "glossohyal," No. 42; and 
another bone directed backwards, called "urohyal," No. 43. 

The oeratohyal part of the hasmapophysis snf^rts, in 
the cod, seven long and slender bent bones, called '^bran- 
chiostegal rays," 44. The number of these rays differs 
greatly in different fishes; the protoplerm has but one 
ray, the blenny has two rays, the carp three rays — a very 
common number is seven ; but the ehpa has thirty bran- 
cbioetegal rays. They are of great length in the angler- 
fish {lophius\ in which they serve to support a membrane, 
developed to form a large receptacle on each side of the 
head of this singular fish. Into these receptacles the 
small fishes are transferred, which the angler attracts . 
•within reach of its mouth, by the movable rod, line, and 
bait attached to the top of its enormous head. In ordi- 
nary fishes, the branchiostegal rays support a membrane 
which helps to dose the gill-slit, and by its movements 
contributes to the direction of the branchial currents. It 
is an appendage, or rudimental limb, answering to the 
pectoral fin diverging from the h^mai arch, in the ad- 
joining occipital segment. 

The penultimate segment of the sknll above described 
is called the "parietal vertebra;" and the ha^nal arch is 
called the "hyoidean arch," in reference to its supporting 
and subserving the movements of the tongue. 

The next segment, or the second of the skull, counting 
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backward, can bo detaohed from tbo fosem^t segment 
without dividing any bone. It is tben ^ea to oonsisti 
like tbe third and fourth segments, of two arches and a 
coiniaon centre; but the constituent bones have been 
subject to more extreme modifications. The centrum,. 
• oalled ''{Hresphdooid," Ho, 9, is piodaoed ftur iorwardsy 
aKghtly expanding; the neurapophyses, oalled "orbilio- 
sphenoids," No. 10, are small semioval plates, protecting 
the sides oS tbe cerebrum ; the neural spi^ or kc^-bona 
of ihft aroh^ oalliad l^&oiuMt" No. Ui ia ^ormQady 
panded, bat in the ood and most fishes is single; the 
diapophyses, called " post-frontals," No. 12, project out- 
wards from the hinder angles of the &ootaJf and giv^ 
aAtaehmeoi to the pieis of theiny^ctad hsomal aroh. Tho. 
first bone of this arch is common in fishes to it and to 
that of the last-described vertebra, being the bone called 
"epitympanici" No« 28 (¥ig. 9); tim modificatiQA is oalled. 
fiur by neeessity of oonae^lmiaoiia moTenients of Jihe 
two inverted arohes, in conneetion with the deglutitioa 
and course of the streams of water required for the bran- 
chial respiration. The haemal arch of the present seg* 
Biant — enorwmsly devdoped — ^is plionly divided prima* 
rily on eaoh side into a pleurapophysis and hssmapophysis; 
for these elements are joined together by a movable 
articulation, whil^^t the bones into which they are sub- 
divided are ctatoially interlooked toother. The pleora^ 
pophysis is so subdivided into four pieces; the upper 
one, articulating with the post-frontal and mastoid — the 
diapophyses of the two middle segments of the skull — is 
oalled '^epitympanici'' No. 28, a; the hindmost of the two 
middle pieces is the "mesotympanic," No. 28, />; the fore- 
most of the two middle pieces is the "pretympauic," No. 
28| c; the lower piece is the hypotympanio, Na 28, d; 
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this presents a joint-surface, convex in one way, concave 
in the other, called a *^gingljmoid condjlei" for the hsdma- 
pophysis, or lower division of the arch. In most air- 
breathing vertebrates — the serpent, Cut 16, e. g. — the 
pleurapophysis resumes its normal simplicity, and is a 
single bone, 28, which is called the tympanic;" in the • 
eel-tribe it is in two pieces. The greater subdivision, in 
more actively breathing fishes, of the tympanic pedicle, 
gives it additional elasticity, and, by their overlapping, 
interlocking junction, greater resistance against fracture; 
and these qnalities seem to have been required in conse- 
quence of the presence of a complex and largely-de- 
veloped diverging appendage, which forms the framework 
of the principal flap or door, called " operculum," that^ 
opens and closes the branchial fissure on each side. The 
appendage in question consists of four bones; the one 
articulated to the tympanic pedicle is called "preopercular," 
No. 34; the other three are, counting downwards, the 
"opercular," No. 35; the " subopercular," No. 36; the 
"interopercular,'' No. 37. The hemapophysia is sub- 
divided into two, three, or more pieces, in different fishes, 
suturally interlocked together; the most common division 
is into two subequal parts, one presenting the concavo- 
convex joint to the pleurapophysis, and called "articular," 
No. 29 ; the other, bifurcated behind to receive the point 
of 29, and joining its fellow at the opposite end to com- 
plete the haemal arch. It is very singularly modified by 
supporting, and having more or less firmly attached U> 
it, a number of the hard bodies called "teeth,'' and hence 
it has been termed the "dentarv," No. 33. In the cod 
there is a small separate bone, below the joint of the 
articular, forming an angle there, and called the "angular 
piece," No. $1. 
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In consequence of this extreme modification, in rela- 
tion to the offices of seizing and acting upon the food, 

the pair of haeniapopTiyses of the present segment of the 
sJ^ull have received the name of "lower jaw," or "ma!i- 
dible" {mandibula). The entire s^ment is called the 
"frontal vertebra.** 

The first segment, forming the anterior extremity of 
the neuroskeieton, like most peripheral parts, is that 
which has undergone the most extreme modifications. 
The obvious arrangement, nevertheless, of its constituent 
bones, when viewed from behind, after its detachment 
from the second segment, affords one of the most conclu- 
sive proofe of the principle of adherence to common type 
which governs all the segments of the neuroskeleton, 
whatever offices they may be modified to fulfil. The 
neural arch plainly exists, but is now reduced to its essen- 
tial elements — viz: the centrum, the neurapophyses, and 
the neural spine. The centrum is expanded anteriorly, 
where it usually supports some teeth on its.under surface 
in fishes ; it is called the "vomer," No. 18. The neura- 
pophyses are notched (in the cod) or perforated (in the 
sword-fish), by the crura or prolongations of the brain, 
which expand into its anterior divisions, called "ol&otorj 
lobes;'* the special name of such neurapophysis is "pre- 
frontal," No. 14. The neural spine is usually single, 
sometimes cleft along the middle; it is the " nasal," No. 15. 

The hsBmal arch is drawn forwards, so that its apex, 
as well as its piers, are joined to the centrum (vomer) and 
usually also to the neural spine (nasal), closing up ante- 
riorly the neural canal. The pleurapophyses are simple, 
short, sending backwards an expanded plate; they are 
called " palatines," No. 20. The h^mapophjses are sim- 
ple, and their essential part, intervening between the 
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pleurapophysis and liasmal spine, is short and thick; hut 
they send a long process backwards. This element is 
called ^maxillary," No. 21» The hsemal spine, cleft at 
the middle line, sends one proceBB upwarda, of iwpng 
length in different fishes, and ft second downwards and 
backwards ; and its under surface is beset with teeth in 
moet fishes; it is oi^iled premaxillaiy," No. 22. Each 
~ plearapophy^ia snpportd a ^ diverging appendage^^ con- 
sisting commonly of two bones: Ae onte^ one, wWch fixete 
the present haemal arch to the succeeding one, is called 
"pterygoid," No. 24; the inner one is the "entopterygoid," 
No. 26. The entire segment is called the '^nasal y^rte- 
bra." The h«mal arch and its appendage Ibrm whW ift 
termed the upper jaw {maxilla) ; the palatine and ptery- 
goids forming the roof of the month, the maxillary and 
premaxillary the proper upper jaw. On reviewing tto 
arrangement of the bones of the foregoing segments, <me 
cannot but be struck by the strength of the arches which 
protect and encompass the brain, and by the beauty and 
efficiency of that arrangement which provides sndi an 
arch for each primary division of the brain ; and a senti- 
ment of admiration naturally arises on examining the 
firm interlocking of the extended sutural surfiaces, and 
especially of those uniting the proper elemtots of tbe I 
arch with the buttresses wedged in between the piers and 
keystone, and to which buttresses (diapophyses) the 
larger hsemal arches are Suspended. 

In addition to the parts of the neuroskeleton, tbe bones 
of the head include the ossified part of the ear-capsule, 
"petrosal," 16, already mentioned; an ossified part of the 
eye-capsule, commonly in two pieces, " sclerotals. No. 17; 
and an ossified part of the capsule of the organ of -smeTl, 
"turtMnal,** No. 19. Another assemblage of splanchtio- 
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skeletal bones support the gills, and are i^ the form of 
slender bony hoops, called " branchial arches/' They ai;e 
articulated to and supported bj .the hjoidean arch. 
Amongst the bones of the muco-dermal system, may be 
noticed those that circumscribe the lower part of the orbit, 
of which the anterior is pretty constant in the vertebrate 

.series, and is called lachrymal," marked. 2.0 fn ,Qfxt .9. 
In fishes, they are called " suborbitals," and are occasipn- 
allj present in great numbers, as e. g., in the tunny. A 
similar series of bones sometimes overarches jJiei tempos^ 
fossae, aud are called " supertemporals." 

At the outset of the study of Osteology, it is essential to 
know well the numerous bones in the head of a fish, and 
to fix in the memory f^heir arrangement and oames. .The 
latter, as we have seen, jare of two kuijcbs, as.regiM^.tbe 
bones of the neuroskeleton ; one kind is '^general," 
indicative of the relation of the skull-bones to the typical 
segment, and which names they bear in pommon.with, the 

.same elements in the si^gments of the trux^k; f^e.ptb^ 
kind is ^special,*^ and bestowed on account of the particular 
development and shape of such elements, as tlicy are modi- 
fied in the head for particular functions. 1 would advise 
any one earnestly desirous of comprehending this beau- 
tifbl department of Comparative Anatomy, to obtain a 
prepared and partially disarticulated skull of a cod-fish 

■ frpm Mr* riQwer,Vin.whiqh every bone bears the initials 

, of its " general" . nune, and the nuin.er4ls ind^t^yQ.9f .ji|8 
"special" name. A great proportion of the bones in the 
head of a fish exist in a very similar state of connectipn 
and arrangement in the heads of other vertebrata, up to 
and including man himself. No method could be less 
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oonduciTe to a true and philoBophical eompiehension of 

the vertebrate skeleton than the beginning its study in 
man — the most modified of all vertebrate forms, and that 
which recedes furthest from the common pattern. 
Through an inevitable ignorance of that pattern, the 
bones in anthropotomy are indicated only by special 
names more or less relating to the particular forms these 
bones happen to bear in man ; such names, when applied 
to the tallying bones in lower animals, losing that signi- 
ficance, and becoming arbitrary signs. Owing to the 
frequent modification by confluence of the human bones, 
collections of them, so united, have received a single 
name, as e. " occipital," temporal," &c. ; whilst their 
constituents, which are usually distinct vertebral elements, 
have received no names, or are defined as processes, e. g,, 
" condyloid process of the occipital bone," " styloid process 
of the temporal bono," " petrous portion of the temporal 
bone," &c. The classification, moreover, of the bones of 
the head in Human Anatomy, viz : into those of the cra- 
nium and those of the face, is artificial or special, and 
consequently defective. Many bones which essentially 
belong to the skull are wholly omitted in such classifica- 
tion. 

In regard to the archety]3e of the vertebrate skeleton, 
fishes, which were the first forms of vertebrate life intro- 
duced into this planet, deviate the least there&om ; and 
mmrding to the foregoing analysis of the bones of the 
head, it follows that such bones are primarily divisible 
into those of — 

The NeiuroBkeUton; 
The Splnehnoelreieton ; 
The DennoBkeletoiL 

The neuroskeletal bone§ are arranged in four segments^ 
called:* 
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The Occipital segment ; • . 

The Parietal segment ; 
The Frontal segment; 
The Nasal segment. 

« Each segment consists of a neoral*' and a haamal*' arch. 
The neural arches arC' ' " 

N T. Kpencephalic arch (bones Nos. 1, 2, 8, 4}: 

N II. Mesencephalic arch (5, 6, 7, 8) ; 

N III. Prosencephalic arch (9, 10, 11, 12); 

N iv. Blunencephalic ftroh (13, 14, 16). 

The hnmal arches are— 

H I. Scapular arch (50-52) ; 

H II. Hyoidcan arch (38-43) ; 

H HI. Miindibular arch (28-82) ; 

H IV. Maxillary arch (20-22). 

The diverging appendages of the h»mal arches are — 

1. The PMtoral (64-67); 

2. The BnmohiottogAl (44) ; 
8. The Opercular (84r-87); 
4. The Pterygoid (28-24). 

The bones or parts of the splanchnoskeleton which 
are intercalated with or attached to the arches of the true 
vertehral segments, are— 

The Petrosal (16) or ear-capsule, with the otolites, IQ^^; 
The Sclerotal (17) or ^^-capsule ; 
The Turbinal (19) or nose-capsule; 
The Branohial arches ; 
The Teeth. 

The bones of the dermoskeleton are — 

The Sapratempomb; 
The Superorbitala; 
TheSnborbitala; 
The Labiale. 

Such appears to be the natural classification of the 
parts which constitute the complex skull of osseous fbhas. . 
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The term " cranium" might well be applied to the four 
neural arches collectively, but would exclude some bones 
called cranial," and indude some called ^^focial," in Ha- 
man Anatomj: In a side view of the naturally-connected 
bones of the head of a fish, such as is shown in the figure 
of the skeleton of the sea-perch, Cut 9, the upper part of 
the head is formed by the neural spines called superocci- 
pital, 8, frontal, 11, and nasal, 15; produced at the hinder 
half into the median ridge. The right lateral ridge is 
formed by the parietal, 7, and paroccipital, 4; the external 
ridge by the post-frontal, 12, and the mastoid, 8. The 
anterior termination of the series of centrums may be 
partly seen through the widely-open orbits at 9 and 18, 
indicating the presphenoid and vomer respectively. The 
most conspicuous parts of the upper jaw are the pre- 
maxillary, 22, and the maxillary, 21, the latter being 
edentulous, as in most' fishes; the salmon and trout are 
examples where No. 21 bears teeth. The shape and 
slight attachment of those bones relate to the necessity of 
a movable mouth that can be protruded and retracted, in 
a dass of animals that derive no aid in the prehension of 

• 

their food from their limbs, which are reduced to fins. 

The upper bent back part of the premaxillary is called 
its " nasal branch," and is of unusftal length in fishes with 
protractile snouts, as, e, g., the dories {Zeii8\ certain wrasses 
{(hncus), and especially the sly-bream {Sparua inmduUor 
of Pallas). In this fish, the nasal branch of the premaxil- 
lary plays m a groove on the upper surface of tlie skull, 
and reaches as far back as the occiput, when the mouth 
is shut and retracted. The descending branch of the 
premaxillary is attached by a ligament to the maxillary, 
and, as this is similarly attached to the mandible, both 
are protruded, when the long nasal branch of the pre- 
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maxillary is drawn forwards out of its epicranial groove. 
This action is aided bj the hypotympanic, which is of 
great length, and has a movable articulation at both ends; 

the lower end joining tlie mandible is pulled forward, 
simultaneously with the protrusion of the premaxillary, 
and co-operates therewith in the sudden projection of the 
month, by which this 9lj-bream seizes, or shoots with a 
snddenly-propelled drop of water, the small agile aquatic 
insects that constitute its prey. 

, An opposite extreme of modification of the maxillary 
and premaxillary bones, where unusual fixity and strengtii 
are needed, is that presented by the sword-fishes," in 
which the premaxillaries constitute, by an unusual pro- 
longation and density of tissue, the sword-shaped weapon 
characteristic of the genera Xiphdas and Istiophorus, 

In Gut .9 the divisions 28 c, and d, of the tympanic 
pedicle, and the two chief divisions, 29 and 88, of the 
mandible, are shown, together with the four bones of the 
opercular appendage ; the preopercular, 84, being serrated 
and spmed, as in most perches. 

. Of the hyoidean arc^ may be seen the glosaohyal, 42, 

the ceratohyal, 40, with its branchiostegal rays, 44, and 

the urohyal, 43. Of the scapular arch, the scapula, 51, 

and the coracoid, 52, this supports not only the bones of 

the pectoral fin," F, viz : ulna, radius, with the small 

carpal bones intervening between them and the metacar- 

poplialanges, 57, but also the lower elements of the pelvic 

arch, 63, and their diverging appendage, 69, called the 

« ventral fio," V. 

In the segments of the tirnnk the fasBmapophyses, save 

in the first vertebra, 58, and the peli^c vertebra, 63, are 

not ossified ; but they are represented by aponeurotic 

fiiscil^ (Kmtinued downwards from the ossified elements of 

5» 
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fte- segments ; these elements 
consist of the centrum, the neu- 
rapophjses, and nearal spmes, 
the plearapophyses, and the 
parapophyses. In most fishes 
the neural spines are connate 
with the neurapophyses, and 
these become confluent witii 
the denlTimm in mo^ ot tU* 
segments ; the neurapophyses 
are perforated directlj by the 
spinal nerves in' nmny fishes, 
as at nn (Fig. 8); they nsnally 
develop anterior zygapopliy ses, 
Z (Fig. 9). The centrums are 
biconcave in all fishes, save the 
lepidosteiis; in which they are' 
convex in front, and concave 
behind. The pleurapophyses, 
pi (Fig. 9), form what are called 
fake ribs," or firee or " floating 
ribs," in Anfthropotomy ; they 
articulate with the centrums in 
the anterior trunk- vertebrae, 
and then with the parapophj- 
ses, p, which are nsnally con- 
flaent with the centrum. The 
parapophyses elongate, bend 
down, and unite together at or 
near to the end of the abdo- 
men, and so form the contract- 
ed haemal canal, for the caudal 
vessels, in the long and mus- 
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cular tail of the fisb. The trunk- vertebrae of a fish are 
divisible into those wbioh have free pleurapophyses, called 

abdominal yertebrffi," and those without, and which 
terminate below by narrow haemal atches and long 
spines, called "caudal vertebrjB." These haemal arclies 
are formed by different parts in different fishes; com- 
mbnly by l^e bent-doWH and tenninally conflne&t para^ 
pophyses (Fig. 10), I, p, cod ; sometimes, as in the tanny 
(ib.) Ill, by parapophyses, lengthened out by pleurapo- 
phydeSy^Z; sometimes, as in lepidosteus {ib,\ II, by pleu- 
mpophysed, j^; bnt nev^, as in air-breathing vertebrates 
(lb.), V, by ossified hfismapophyses, A, hs. Thepe elements, 
in the first vertebra of the trunk of a fish, are indeed 
ossified, and form the long and slender bone called "clav- 
icle," 58 (Fig. 9); nsnally attached to the inne]* side of the 
seajpnlar arok The hflsmapophyses of, probably, the last 
abdominal vertebra, called "isehia," No. 68, are detached 
from the rest of their segment, and are either loosely 
suspended in the fiesh, beneath or near it, as in the fishes 
called abdominal ;" or they are advanced, mnch elon- 
gated, and attached to the scapular arch, as in the fishes 
Called "thoracic" (Pig. 9); or thoy are more advanced, 
shortened, and similarly attached, as in the fishes called 

jngolar;" or they are wholly wanting, as in the fishes 
called " apodal," The fins called ** ventral," V, supported 
by the pelvic hsem apophyses, indicate by their position 
the orders of fishes called " abdominal," " thoracic," and 
"jugular," by Linnaeus. 

The only proper fins in pairs are the "pectoral," P, 
answering to the fore-limbs of quadrupeds, and the " ven* 
tral," V, answering to the hind-limbs. The rest of the 
, fins are single and median in position, and are due to 
folds of the skin, in which certain dermal bones are 
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developed for their support These bones are of two 

kinds; one, dagger-shaped, are plunged, so to speak, up 
to the hilt, in the flesh between the neural spines, and 
between the hfiemal spines; those along the upper surface 
of the fish are called "intemeural spines," tn. Cut 9 ; those 
on the under surface are the ''interhflomal spines," ih. 
The interneural spines support the " dei moneural spines, 
diiy forming the rays of the dorsal fin or fins, Dl, D2, and 
the upper rays of the caudal fin. The interhaemAl spines 
support the dermohsBmal spines, dJij which form the rays 
of the anal fin, A, and the lower rays of the caudal fin, 
d/i, G. • 

Both derraoneural and dermohsmal spines may present 
two structures; they may be simple, unjointed, firm, bony 

spines; or they may be flexible, jointed, and branched 
rays. Those fishes which have one or more of the hard 
spines at the beginning of the pectoral, ventral, dorsal| 
and anal fins are called " acanthopterygian," or spiny- 
finned fishes (Gr. acanthos^ spine; pterux^ fin); those in. 
which the vertical fins are supported by soft spines are 
called ^^malacopterygian," or soft-finned fishes (Gr. nta- 
laJoMy soft ; and pterux). Ichthyologists avail themselves 
of the number and kind of rays in the fins to characterize 
the Species of fishes, and adopt an abbreviated formula 
and symbols to express these characters. 

Iif regard to the sea-p^rch (Fig. 9), the fin-formula 
would be as follows: — 

D7,l + 12 : P12 : Vl + 5 : A3-h8 : C18, 
^bich signifies that D, the dorsal fin, has, in its first divi- 
sio», 7 rays, all spinous ; in its second division, 1 spinous 
-f- (plus) 12 rays that are soft. P, the pectoral fin, has 
12 rayS| all soft. Y, the ventral fin, has one spinous -f 5 
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86ft rays. Aj the anal fin, luu» 8 Bj[)iiEoas+d soft rays. 
0, the caudal fin, has 18 rajs. 

When the piscine modification of the vertebrate skele- 
ton is contemplated in relation to the life and movements 
of a fish in its native element, every departure from the 
ai^hetjpe is seen to be in direct relation to the habits 
atid well-being of the spedies. 

' The large head has been compared to the embryonic 
disproportion of that part in higher vertebrates ; but the 
hbad a fislh should be 'of the size and shape best fitted 
to ov^rcothe the rediEftitnce <^ wsiter, atid to fiioilitsite rapid 
progression through that element; the head must, there- 
fore, grow with the growth of the body. Accordingly, 
the hiTgd skoil-bones alifrajB show the radiating bony 
fflamenttr in their desii' dironrnfeT^nee, which is the seat 
of growth ; and hence the number of overlapping squa- 
mous sutures Which least oppose the progressive exten- 
sion of the' bo^eis. The cranial cavity eztpands with the 
expansion of the skull, but the l>r8in undergoes no cor- 
responding increase ; it lies at the bottom of its capacious 
chamber, which is principally occupied by a loose cellular 
tissue^ situated, like the '^arachnoid" membrane in man, 
between the' brain-tunics, called' *''pia mater*' and "dura 
mater," and having its cells filled by a light, oily fluid ; 
thus the head is rendered specifically lighter than if 
growth (mly, and not the niodelUi^ absorption also, had 
gone on. The loose connection of the h»mal arches and 

their parts, including most of what arc called "bones of 
the face," seems like the retention of a condition observ- 
able in the partiaily-developed skull of the embryos of 
higher animals; but this condition is subservient to the 
peculiar and extensive movements of the jaws, and of the 
bony supports of the breathing machinery. Not any of 





igitized by Google 



58 ADAPTATION OF Tfi£ FISU'S SKULL 



the limbs of fishes are prehensible ; the mouth may be 
propelled by them to the food, but the act of taking it 

must be performed by the jaws ; these can, accordingly, 
be not only opened and shut, but can be protruded and 
retracted. The division of the long tympanic pedicle into 
several partly^verlapping pieces adds to its strength, 
and by a slight elastic yielding diminishes the liabOity to 
fracture. The tongue, to judge by its structure, seems to 
serve little as an organ of taste, but the arch sustaining it 
has much to effect in the way of swallowing; for this 
action relates not merely to food ; the mechanical part of 
breathing is a modified, habitual, and frequent act of deglu- 
tition. The hyoid arch is the chief support of the bran- 
chial arches and gills ; and the branchiostegal membranes. 
Stretched out upon the diverging rays of the hyoid arch, 
regulate the course and exit of the respiratory currents. 

By the retraction of the hyoid arch the opercular doors 
' are forced open, and the branchial cavity is widened, 
whikt all entry from behind is prevented by the branchi- 
ostegal flaps, which close the external gill-openings. The 
water, therefore, enters by the gaping mouth, and rushes 
through the sieve-like interspaces of the branchial arches 
into the branchial cavity; the mouth then shuts, the 
opercular doors close upon the branchial and hyoid 
arches, which again swing forwards ; and the branchio- 
stegal membranes being withdrawn, the currents rush out 
at the gill-openings. Thus the mechanical functions of 
the hffimal arches of the thorax of the higher air-breath- 
ing classes are transferred to the hasmal arches and ap- 
pendages of the skull in fishes. 

The persistent gills and gill-arches in fishes have been 
compared with the same parts which are transitory in 
firogSy and with some traces of branchial organization in 
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the embryos of higher vertebrates; and fishes have been 
called, in the language of the transmntation-of-species 

hypothesis, "arrested gigantic tadpoles." It will be 
found, however, that so far from there having been any 
stoppage of development, the branchial arches have been 
adapted to the exigencies of the fish by advancing to a 
grade of structure which they never reach in the frog. 
This is shown by their firm ossification, and their numer- 
ous elastic joints ; the sieve4ike valves developed from 
the side next the mouth have been pre-arranged, with the 
utmost complexity and nicety of adjustment, to prevent 
the entry of any particles of food, or other irritating mat- 
ters, into the interspaces of the tender, vascular, and 
sensitive gills. It is interesting, also, further to observe, 
that the last pair of these arches, which, when the em- 
bryo-fish is as yet edentulous, usually support gills, are 
reduced, when the* supply of yolk-food is exhausted, and 
the jaws get their prehensile organs, to the capacity of 
the gullet, become thickened, in order to support teeth 
for tearing in pieces, mincing, or crushing the food, and 
are converted into an accessory pair of jaws, and this 
pair the most important of the two, as it would seem ; for 
the carp-tribe — e. tench, barbel, roach — which have no 
teeih on their proper jaws, have teeth on the pharyngeal 
jaws. In no other vertebrate animals, save the osseous 
fishes, is the mouth provided with maxillary instruments 
at both the fore and hind apertures ; and in no other part 
of the piscine structure is the direct divergence from any 
conceivable progressive scale of ascending organisms, 
culminating in man, so plainly marked as in this. 

The general form of the fish is admirably adapted to 
the element in which it lives and moves. The viscera 
are padded in a moderate compass, in a cavity brought 
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forwMds ckMo to the bead. The abeenoe of any neok 
gives the advantage ef a mere extensive and resiatbg 

attachment of the hciid to the truuk, and a greater pro- t 
portion of the truak is leil free for the allocation, of the 
moacolar miwHflfl which move the tail* In the ^caudal' 
divinon of the yertebral ednnm, the parapophyses cease 
to extend outwards; they bend downwards, unite and | 
elongate in that direction, proportionally with the elon- 
gallon of the spines above, whilst dermal and intei^ojilatad 
iq>ines shoot forth £rom the middle line above and below, 
giving the vertically extended, compressed form to the 
hinder half of the body, by the alternating lateral strokes 
of which the fish is propelled forwards in the diagmifl 
between the direction of those forces. The advaiita£re of 
the biconcave form of vertebra, with intervening ela.<tic 
capsules of gelatinous fluid, in producing a combinauon 
of the resilient with the muscular power, is as obviqiis as 
it is beautiful to contemplate. ^ 

The fixation and coalescence of any of the vertebra in 
this locomotive part of the fishes' body, analogous to the i 
part called "sacrum" and pelvis" in lai|d quadrupeds, 
would be a great hindrance to the alternate and vigorous 
inflections of that part, by which mainly the fish swims. 
A "sacrum" is a consolidation of part of the vertebral 
axis of the body, for the transference of more or Ipas of 
the wdght of tluit body upon limbs organi^'£or ita sop- 
port on dry land ; such a modification would have been 
not merely useless, but a hinderance to a fish. The pec- 
toral fins are the prototypes of the fore-limbs of tjiOi higher 
yertebrates. With tlvair terminal SQgm^t^ or "hand," 
alone projecting freely from the trunk, and swathed in a 
common sheatli of skin, they present an interesting ana- 
.l9gj to the embryonal buds of the an&weiable .membeips 
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in man. But what would have been the result if both 
arm and forearm had extended freelj from the side of the 

fish, and dangled as a long many-jointed appendage in 
the water I This " higher development," as it is termed, 
in relation to the prehensile or cursorial limb of the deni- 
zen of dry land, would have been a defect in the structure 
of a creature destined to cleave the liquid element. In 
the fish, therefore, the fore-limb is left as short as was 
compatible with its required fhnctions; the broad manj- 
fingered hand alone projects, but can be applied prone 
and flat, by flexion of the wrist, to the side of the trunk ; 
or it may be extended with its flat surfaces turned forwards 
and badcwards, so as to check and arrest, more or less 
suddenly, the progress of the fish ; its breadth can also 
be diminished by closing up or stretching out the digital 
rays. In the act of flexion, the pectoral fin slightly ro- 
tates, and gives an oblique stroke to the water. The 
requisite breadth of the modified hand is gained by the 
addition of ten, twenty, or it may be a hundred fingers 
over and above the number to which they are restricted 
in the forefoot or hand of the higher classes of vertebrata. 
The pike maintains a stationary position in a stream by 
vibrations of the pectoral fins ; the nature of the bottom of 
the fish's habitat is ascertained by a tactile application of 
the same fins. In the hard-faced gurnards, certain rays 
of the pectorals are libeiated from the web, and have a 
special endowment of nerves, in order to act as feelers. 
In the siluroid fishes, the pectorals wield a formidable 
weapon of offence. A tropical species of perch {Anabas) 
uses a smaller analogous pectoral spine for climbing up 
the mangrove stems in quest of insects. 

Certain lophioid fishes, that live on sand-banks left dry 
at low water, are enabled to hop after the retreating tide 
- 6 
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by a special prolongi^tkm of carpal joint of the pec- 
toral fin, which projects in these "frog fishes," as they 
luive been lerrned, like the limb of a land quadruped, and 
presents two distinel segments elear of the trunk. 

The sharkis v^ose form of body and strength of tail 
enable them to swim near the surface of the ocean, are 
forther adapted for this sphere of activity, and compel^ 
asledffor the absence of an air-bladder, by the lai^ pro- 
portional sifle of their pectoral fins, which take a greater 
share in their active and varied evolutions than in ordi- 
nary fishes ; more especially in producing that half torn 
or xoH of the body required to bring the month, whkh is 
on the under part of the head, in contact with their prey. 
The maximum of development of the many-fingered 
hands is attained in the rayS| and in those fishes — e. 
JBxoocBiuB and 2>acty^<ert»--€alled '^flying fishes," in oon- 
sequence of the pectorals being long enough, and their 
webs broad enough to sustain them in the air, in their 
long flying leaps" out of ikQ water. 

With i^^gaid to the Tentral fins — ^the rudiments of hind- 
limbs — ^these combine merely with the pectorals in raising 
the fish, and in preventing, as outriggers, the rolling of 
the body during progression. In the long-bodied and 
small-headed abdominal fishes the ventrols are sitnated 
near the vent, where they best subserye the office of ac- 
cessory balancers ; in the large-headed thoracic and jugu- 
lar fishes they are transferred forwards, to aid the pectorala 
in BUppoirting and raising the head. If the pectoral and 
▼entral fins in one of these fishes be cut off, the head 
sinks to the bottom ; if the right pectoral fin only be cut 
o£^ the fishleans to that side; if the ventral fin on the 
same side be cut away, then it loses its equilibrium en- 
tirely ; if the dorsal and anal fins be cut o£^ the fish reels 
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to the right and left ; when the caudal fin is cut off, the 
fish loses the power of progressive motion; when the -fish 
dies, and the fins cease to play, the belly tarns upwards. 

Paley thus smns up the actions of. the fins of fishes : 
"The pectoral, and more particularly the ventral, fins 
serve to raise and depress the fish ; when the fish desires 
to liave a retrograde motion, a stroke fotwaiA with th^ 
pectoral fin efifectnally prodnces it; if the fish desire to 
turn either way, a single blow with the tail the opposite 
way sends it round at once ; if the tail strike both ways, 
the motion produced by the double lash is progressiye^ 
and enables the fish to dart forwards with an a8t<Mushing 
velocity. The result is not only in some cases the most 
rapid, but in all cases the most gentle, pliant, easy ani- 
mal moticMi with which we are acquainted." In their 
mechanical use, the anal fin may be reckoned the keel; 
the ventral fins, the outriggers; the pectoral fins, the 
oars ;" and we may now add " the caudal fin, the sciew- 
propeliler.'' And if there be such similitude between 
those parts of a boat and a fish, "observe," adds Paley, 
" that it is not the reseml)lance of imitation, but the like- 
ness which arises from applying similar mechanical means 
to the same purposea."^ 

• "Nat. Theology," Sto., 1805, p. 2S7. 
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PRINCIPAL FORMS OF THE SKELETON IN THE. 

CLASS REPTILIA. 

• • • 

The transition from fishes to reptiles is easy, and the 
signs thereof very manifest in the skeleton. In the 

thorn-back and allied fishes the skull articulates with 
the trunk by two condyles, and the part answering to the 
basioeeipital is a depressed plate. The BaibrcbcMa^ or low- 
est order of reptiles — ^including the siren, proteos, frog, 
toad — have a similar double articulation of the skull 
with the trunk, the two condyles being developed from 
the two exoccipitals. Hadmapopbyses are not present as 
bones in the abdominal part of the trunk of Batrachktj 
but they are so developed in the tail. This stmcttire, 
with the detachment of the scapular arch from the occi- 
put, and the absence of dermoneural and dermohaomal 
spines, serves to distinguish the most fish4ike batrachian 
horn the protoptems and lepidosiren, which are the 
most reptile-like of lislies. 

In commencing the study of the skeletons of reptiles 
in the most fish-like of the class, we find a much less 
complex condition of the osseous firamework of the body 
than in the bony fishes; this will be immediately mani- 
fest by a comparison of the skeleton of the menopome 
(which may be seen in the Museum, Royal College of 
Surgeons, No. 583)^ as an example of the perennibran- 
chiate batrachia, with the skeleton of the trout (No. 45) 
or of the haddock (Ko. 176, in tlic same Museum). 

The difference tends greatly to elucidate the true nature 
of the complexities of the iish's skeleton, since it chieily 
consists in the simplification of that of the batrachian, by 
the non-development of the parts of the dermal skeleton - 
which characterize that of the fish. The suborbital, super- 
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orbital, and supratemporal scale-bones are removed, to- 
gether with the opercular bones, from the head ; and the 
intemeural and dermoDeuial eqnnes, with the interhsomal 
and dermohannal spines, are removed from the trunk. 
The endoskeleton is also reduced to a very simple condi- 
tion ; the advance charactenatic of the higher class being 
appreciable o^ bj a oompaiiflon of it with the skeleton 
of the most batadioid of fisbo?— e. the protoptaroe 
(No. 380). 

We then perceive that the bodies of the vertebrae, in 
the true batrachian, are distinctly ossified, though pre- 
aenruig^ in the perennihranchiate speoies^ a deqp, conical, 
jeUj-fiUed cavity bodi before and behind (Oat 11), C ; they 
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have also coalesced with the neural arches, as these have 
with their spines, which are, however, scarcely prominent, 
'except in the tail. The transverse processes are developed 
not only ttom the centrum but from the base of the neural 
areb, and are formed by both parapopbyses and diapo- 
physes; and they coexist with distinct hasmapophyses in 
the tail (e6.), H. With these, likewise, coexist cartilagin- 
ous pleun^physes (»6.), pl^ in the second, third, and 

6* 
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fourth caudal vertebra? ; short ossified pleurapophyses 
being developed from the ends of the diapophyses in the 
first caudal to the vertebra dentata incIosLTe. 
. By tbis instructiye cooditioii of tlie skeleton of the me- 
nopome, we perceive at once that the hai in apophyses (ift.), 
H, are neither transverse processes, nor ribs bent down or 
di^qplaoed, but are elemonts of Tertebm, a^i^listinct as the 
nearapophyses above. The. neural arches are now artica- 
lated together by wcll-dcvoloped zygapophyses with syno- 
vial articulations, which are absent in the protopterua, as 
in most fishes^ 

In the protoptems, as in the sqnatina and some other 
cartilaginous fishes, the neural arch of the atlas rests 
upon a backward production of the basioccipital ; in the . 
batrachians it is eonflaent with its own proper oentrimii 
which developes two articular surfaces for the two oc- 
cipital condyles. The hconial arch of the occipital seg- 
ment, which is attached to its proper vertebra in the pro- 
topterus (Fig. 32), A, 51, 52, as in osseous fishes^ is 
detached and displaced backwards in the batrachians 
(Fig. 33), 51, 52. In the completion of the hasmal arch 
of the sacral vertebra in the menopome, by the enlarge- 
ment of its transverse process (Fig. 11), D, and by its 
pleurapophysis {ib.\ ply extended to join a h»mapophysis 
{ib.\ H, below, we have the key to the essential nature of 
the pelvis in all air-breathing animals. The progressive 
development of the appendages of the scapular and pelvic 
arches, which are to become the four limbs of air-bi^th- 
ing vertebrates, should be traced from their condition in 
the protopterus. Here (Fig, 32) they are reduced to a 
single ray, which is soft and many-jointed. In the Am- 
phiuma didaciyla (Fig. 33) the ray is ossified ; its first joint 
(t6,), 53, is long, its second (i^.), 54, 55, it^ bifid, and u car- 



Digitized by Google 



MBTAMOBPHOSES OF THE. FROG'S SKELETON. 67 

tilage at the ead of this supports two short terminal rays. 

18 the . pattern of the subdivision of the appendage 
hdth of the scapular and pelvic arohes, in all the higher 
vertebrates; hence, iu consequence of the vast modifica- 
tions of the several segments, the necessity for their 
special names. In the fore-limb the first segment (Fig. 
B8), 58^ is the ^ arm," and its bone, the ^ humerus," No. 
53; the second segment is the forearm — its two bones 
are the " radius," No. 55, and " ulna," No. 54 ; the third 
segment is the ^Miand" — its rays are the '^fingers;" and 
its bones are subdivided into "carpals," No. 56, ^'mefea- 
carpaLs," and "phalanges," No. 57. In tlie hind-limb 
(Fig. 84), the first segment is the " thigh," and its bone, 
. .the "feinnr," No. 65; the second segment is the.*4eg," 
and its two bones are the ^' tibia," No. 66, and fibula," 
No. 67; the thirtl segment is the " foot" — its rays are the 
"toes;" its bones are subdivided into "tarsals," "meta- 
tarsals," and "phalanges." 

In the siren, the pelvic arch and limbs are not de- 
veloped ; but they coexist with the scapular arch and 
limbs in all other batraehia. In the proteus, the last seg- 
ment of the fore-limb divides into three rays, that of the 
hind-limb into two rays ; in other words, it has three 
fingers and two toes. The menobranchus has four fingers 
and four toes. The axolotl has four fingers and five toes. 
The menopome has five fingers and five toes. 

The ultimate subdivisions of the radiated or diverging 
appendages of the scapular and pelvic arches do not ex- 
ceed five in any existing air-breathing animal, and their 
further complexity is due to the specialization of each 
digit, so as to combine in associated action, instead of 
their indefinite multiplication, which causes the seeming 
complexity of the same appendages in fishes. 
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In all the lish-like batrachia, called, from a retention of 
more or less of the branchial apparataSi ^'perenni- 
branchia," the limbs are shorty and the rays of Ike 
terminal segnnente of eadi limb are, more or less, nmted 
by a web ; the body is long, and the tail long and coni- 
pressed. But a great ascent in the scale of life is made 
in the batraefaian cider: all the speoiee whe& hatchad 
have die fish-like form, and gills for breathing water; 
most of them exist for some time, under this form, in 
water ; and these undergo so strange a modification of 
iom and structure befinre andving at matarity, that it hu 
been called a ^* metamorphosis." They change their 
aquatic for a terrestrial life ; they breathe air instead of 
water ; and from being omniverous become carnivorous. 
The tadpoles of oar common toad and frog afibrd readj 
and abundant instances f<»r tracing these stages. The 
following is an outline of the main phenomena of the 
change observable in regard to the osseous system :— 

In the deyelopmeat of the skeleton of the eommmi 
frog, a fibrous and cartilagrnous firamework is originally 
laid down conformably with the aquatic habits and life 
of the larva. A large cartilaginous cranium with four 
lumnal arches, and one of these supporting the framework 
of the branchial apparatus^^i short series of fibro-carti- 
laginous vertebrne, minus the haemal arches, in the trunk, 
and a series of Hbrous septa diverging from the fibrous 
capsule of the notochord, and defining and giying attach* 
ment to the muscular segments along the tail — cona^tute 
the skeleton of the newly-hatched tadpole. As it grows, 
ossification begins ; but only in those parts of the skele^ 
ton which are to be retained in the future frog. Thna, 
the centrums and neurapophyses of the head and trunk 
are ossified, but not those of the tail. In the trunk, ossi* 
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floation of the vertebral body proceeds centripetally by 
layers, sncxseBdvely diminishing in' extent, and conical 
interspaces are left, consisting of the changed fibrous 

capsule of the notochord with the inclosed gelatinous cells, 
their liquefied contents forming the balls of fluid, between 
the biconcave vertebrae, as in fishes. But ossification 
proceeds to fill up the hinder cavity of the centrum, and 
to project into the ftont cavity of the succeeding vertebra, 
■with which it is finally connected by a synovial ball-and- 
socket joint. Thus, the firmer intervertebral articulations 
are established, which adapt the vertebral column to the 
support of a body which is to be suspended upon limbs, 
and transported by them along the surface of the dry 
ground. Whilst this change is proceeding, the tail is 
undergoing rapid absorption, the retained fibro*cartilagin- 
ous condition of its yertebrsd rendering them more ready 
for removal. In the last fhsed rudiments of the caudal 
vertebrae, ossification extends continuously, and the 
peculiar style (Fig. 12), c, at the end of the vertebral 
series in the frog and other tailless batrachians, is thus 
established. 

In the conversion of the biconcave into cup-and-ball 
vertebrae in batrachian larvae, ossification commonly, but 
not always, proceeds to obliterate the hinder cavity. In 
the land salamanders, however, it extends from the front 
cavity ; so that in the adult vertebrae the ball is anterior, 
and the cup posterior, as in certain salamandroid fislios 
. — e. g.j lejn'dosiens. In those batrachians that retain more 
or less of the branchial apparatus, with the outward form 
and natatory tail adapted to aquatic life^ the vertebrae of 
the tail are ossified like those of the trunk, but the bicon- 
cave stf ucture and intervening gelatinous joints are re- 
tained throughout life.. 
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The ehi^ oliaBges whicli take plaoa ui Aa oonvmkm 

of the cartilaginous skull of the larva to the ossilied one 

Fig. 12. 
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of the imago, or perfect frog, are seen in the shape and 
relative position of the hsemal arches and their append- 
ages — i. e.^ of the maxillary, matidibular, hyoid, hnd sca- 
pular arches. The maxillary arch expands in breadth^ 
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the month widens, and the homy mandibles are shed. 
As the mouth advances forwards, the tympanic pedicles 
are elongated, and are placed more obliquely ; their 
proximal end retrograding from the post-frontal to the 
mastoid region of the skull, and their distal end incliaiog 
finrwaids with the attached lower jaw, Nos« 29, SB, on 
which the denticles now begin to be developed. For the 
still more extraordinary changes of the hjoid arch, No. 
41, and its branchial appendages, No. 46, the student is 
refenrred to Duff^^s Eecherche$ sur VOsthhgie des Batra' 
1885; and to the writer's Archetype of (he Ver- 
tebrate Skeleton^ pp. 70, 71. 

The scapular arch, which was close to the occiput, 
whilst protecting and supporting the branchial heart — 
its primary function— ^bc^gins, as the rudiments of the 
ibre-limbs bud oat, to recede backwards, like the mandi- 
bular and branchial arches, but to a greater ext-ent, the 
attachment to the occipital segment being wholly lost. 
The scapular send coracoid portions of Uie arch become 
first ossified; the suprascapular plate remains long carti- 
laginous, and always partly so ; the sternum is developed 
in proportion as the hyoid arch is reduced, and the bran- 
chial arches are removed ; thus a strong fulcrum is com- 
pleted for the articulation of the shoulder-joints. The 
pelvic arch had previously been completed, and the iliac 
bones and sides of the sacrum become coelongated : then 
the ilia continue to extend backwards as the tail is being 
absorbed, and the hind-limbs are lengthened out and 
finished. 

Thus metamorphosed, the skeleton of the frog pre- 
sents the following structure (Fig. 12) : The number of 
vertebra of the trunk, exclusive of the coxjgeal style, 
is nine; the firsts or atibis, has no diapophyses, but these 
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9,re present and long on the rest, especially on the third, 
d, and ninth, yert^bree; in the latter they are thick, 

stand outwards, and support two other long, curved, rib- 
like bones, 62, which expand at their distal ends, and 
unite to two bony plates, 63, oompleting the haemal arch 
of the ninth segment of the tmnk. The bones of the 
hinder extremities are attached to the point of union ci 
the above costal and haemal pieces, one of which answers 
to the ilium, 62, and the other to the ischium, 63. The 
superior development of this arch relates to the great 
size and strength of the hinder extremities in the tailless 
tribe. The bodies of the vertebrae are articulated by 
ball-iuid-socket joints, the cup being anterior, the ball 
posterior, a modification which relates to the more ter- 
restrial habits and locomotion of these higher-organized 
batraohia. The caudal vertebrae are represented by a 
single, elongated, cylindrical .style, c, having an anchy- 
losed neural canal. In the seven vertebrsB, between the 
atlas and the sacrum, two zygapopophyses, looking up- 
wards, two zygapophyses, z, looking downwards, aud a 
short spine, iare developed &om each nennd areh. 
- The suprascapula, 50, is very broad, and in great part 
ossified; the scapula, 51, divides at its humeral end into 
an acromial and coracoid process ; the latter articulates 
with the true coracoid bone, 52, the acromion witfai the 
esqpanded extremity of the clavicle, 68: the glenoid 
cavity is formed by both the scapula aud the coracoid. 
An episternal bone, 59, supporting a broad cartilage, is 
articulated to the mesial union of , the clavideb, .£ram 
which a bony bar is continued backwards bebween tlie 
expanded and partially conjoined ends "of the coracoids. 
The sternum, 60, is articulated to the posterior part of 
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the same extremities of tke ooracoids, and supports a 
broad xiphoid" oartili^ 

The proximal end of the humeras, 53, is an epiphysis ; 
the distal end presents a hemispherical ball between a 
small external ridge, and a large internal condyloid pro- 
cess. The antibrachial bones have coalesced, but an 
anterior and posterior indentation at the distal half indi- 
cates the radius, 65, and ulna, 54 ; their distal articular 
extremities are represented by a single epiphysis. The 
ulnar portion of the bone develops a short and broad 
olecranon, o. The bones of the carpal series now receive 
definite names, and are as fbDows: (Fig. 12), sca- 
phoid ; lunare; c and^, cuneopisiforme ; trapezium; 
<r, trapezoides; m, magnum; unciforme — here two 
distinct bones. The first digit, 1^ has one bone, a meta- 
carpal; the second digits IE, has a metacarpal and two 
phalanges; the third, m, the same; the fourth, lY, has 
a metacarpal and three phalanges j and the fifth, V, the 
same. 

Both the proximal and the distal extremities of the 
femur, 65, are in the condition of epiphyses. The tibia 

and fibula are connate, 66 : a longitudinal impression on 
the front and back part of the expanded distal end indi- 
cates their division, but a single ^iphysis, partially an- 
chjlosed, forms the proximal extremity, and a siniilar 
one the distal extremity, of the connate bones ; they are 
perforated near their middle, from before backwards, by 
a vascular canaL The tarsal bones are now distinguished 
by names. 

The astragalus, a, and calcaneum, el^ are much elongated; 
the former is slightly bent, the latter straight; they have 
coalesced at their proximal and also at their distal ex- 
tremities with each other, and with the scaphoid, ^ and 
7 
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ouboid, bones. Three cuneiform bones, c, ci, remain 
detached, and immediately support the three inner toes 
and a cartilaginous appendage. The first toe, and 
second toe, n, have each a metatarsal and two phalanges ; 
the third toe, tii^ has a metatarsal and three phalanges; 
the fourth toe, ivj has a metatarsal and four phalanges; 
the fifth toe, t;, a metatarsal and three phalanges. The 
great length and strengh of the pelvic arch, and its ap- 
pendages, the hind-limbs, give the frog the power of exe- 
cuting the long leaps for which it is proverbiaL 

All the batrachia present this structure in common with 
fishes, viz., that the ribs of the trunk, when present, are 
free, consist only of " pleurapophyses," and do not en- 
compass the thoracic-abdominal cavity. The absence of 
unyielding osseous girdles at this part seems to relate to 
a peculiarity of their generation, viz: the almost simul- 
taneous ripening of the sperm-cells and ova, causing a 
great and sudden distension of the abdomen at the breed- 
ing period. 

OSTEOLOGX OP THE OPHIDIA, OR SERPENT 

TRIBE. 

There are certain tropical land batrachia — the Ceciliae, 
e. g. — in which the body is as long and slender as in ser- 
pents, includes almost as numerous vertebrsd, and is 
devoid of all trace of limbs. But the osteology of the 

typical Ophidian reptiles differs from that of the batra- 
chians in the more elongated ribs ; in the distinct basi- 
and superoccipitals ; in l^e superoccipitals forming part 
of the ear-chamber ; in the basioccipital combining with 

the exoccipital to form a single articular condyle for the 
atlas; in the ossi&cation of the membranous space be- 
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tweflB the idoagttod parialials and the spheiioid ; in the 
eonstant ooaleBeenoe of the panetals wiA one snotiieT z m 

the constant confluence of the orbitosphenoids with the 
frontftls, and iu the meeting of the orbitosphenoids below 
the pvoaenoephalon, apoa the upper anifim of the pn^ 
sphenoid'; in the presence of dktmot poslfrooftals, and the 
attachment thereto of the cctopterygoids, whereby thej 
form an anterior point of 8U8pen9ion of the lower jaw, 
llmagh Ae medium of tiie pterygoid and tyn^Mttde 
bones; lastly, ia the oonnalioiief the prafrmtalsand iMh- 
rjmals. 

In studying the osteology of the head of the python, 
as the type o£ t^e Ophidian Order, by the aid of the fol- 
lowing deseription, the student may eompare the diflar- 

ticulated skull, No. 628, with that of the large skeleton, 
No. 602, in the Museum, Eoyal Ck>Ilege of Surgeons : the 
%ones are numbered as here referred to. 

The basioccipital, 1, is subdepressed, broadest -ante^ 
riorly, subhexagonal ; smooth and concave at the middle 
above, with a rough sutural tract on each side, and a 
hypapophysis below, produced into a requrved point. The 
hinder &cet of the basioccipital is convex, forming the 
lower half of the occipital condyle, which is supported on 
fk.^9rt peduncular prolongatioi)^ The ba^iocoipital unites 

above and latenmy with the e^oedintals mA «}iapher 
iioids, and in flmt with the biudsphenoid, upon nrhieli it 

rests obliquely, and it supports the medulla oblongata on 
upper smooth surface. 

The e;s:QCcipita]fi, ^ 2, are very irregnlar ^Qbtrian^ojar 
bones; eaeh is produced baekwards into a pedunonlar 

process, supi)orting a moiety of the upper half of the oc- 
jcipital condyle. The outer and fore p^rt of the exoo- 
fiipiUd ^xp»iid» iioM) the irre^guhur bm «ff ih^ ^^nwsle; 
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it is perforated bj a slit for the eightli pair of nerves; it 
artioolates below with the basioocipital; it is ezcayated 
in front to lodge the petrosal cartilage, where it artionlates 
with the alisphenoid; it unites above with the superoc- 
cipital. The superocoipital, 3, is of a subrhomboidAi form, 
sends a spine from its upper and hinder sar&ce, expands 
laterally into oblong processes, is notched anteriorly) and 
sends dowm two thin plates from its nndcr surface, bound- 
ing on the mesial side the surface for the cerebellum, and 
by the outer side forming the inner and upper parts of 
the acoustic cayities. The superoccipital articulates below 
with the exoccipitals and alisphenoids, and in front with 
the parietal, by which it is overlapped in its whole extent. 
The occipital vertebra is as if it were sheathed in the ex- 
panded posterior outlet of the parietal one (Fig. 17), the 
centrum resting on the oblique surface of that in front, 
and the anterior base of the neural spine entering a cavity 
in and being overlapped by that of the preceding neural 
spine: the analogy of this kind of " emboitement" of the 
occipital in the |)arictal vertebra with the firm interlock- 
ing of the ordinary vertebrsB of the trunk is very inte- 
resting: the end gained seems to be, chiefly, an extra 
proteetlon of the epencephalon — the most important seg- 
ment to life of all the primary divisions of the cerebro- 
spinal axis. The thickness of its immediately protecting 
walls (formed by the basi, ex, and superoccipitals) is 
equal to that of the same vertebral elements in the human 
skull ; but they are, moreover, composed of very firm' and 
dense tissue throughout, having no diploe : the epencepha- 
lon also derives a further and equally thick bpny covering 
from the basisphenoid and the parietals, the latter being 
overlapped by the mastoids, which form a third covering 
to the cerebellum. 

7* 
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Tli# bftsitphMioid, 6, and {Nresphenoid, 9, fom a fiuigk 
bone, and the ehief kedi of the oranial superstnieliire. 

The posterior articular surface looks obliquely upwards 
and backwards, and supports that of the vertebral centrum 
behiud, as the poatorior baU of Ite ordiuarjr vertebra 
tttiqpoitEi the oUique cup of the anoceediiig veitobni; 
bef«|, hMnaren inolioii ie abrogated betWioea ttke ^ 
nettehnBu the coadaDled wuftoeB ue looflrh Md 
aetqral. The henepheiKHd ppeeente a smooth c^^l^nd 
channel above for the mesencephalon, in front of which a 
deep depression (sella) sinks abruptly into the ex{>anded 
part of the bone, and there bifureates, each fojrk ^oroaiDg 
a ahort cul-de-sac in the substance of the bone. 

Tb» alisphenmdcv ^ fom ^ afttenor hftU ai the 
seBtra oyalis, whidi iacxmiplated bytheexoo^fals; snd 
in thenr two krge perlbrationi for the poeterior diTieioiM 
of the fifth pair of nerves, as well as in their relative size 
and position, the alisphenoids agree with those of the frog. 
Each alisphenoid is a thick suboval piece, with a tubei^ 
cular process on its under and lateral part; it resfca JMpoa. 
the baaiaphenoid and ba8k)ootpita],auppQrt8 the poafeeiior 
part of the parietal and a portion of the mastoid, 8, and 
unites anteriol^j with the desoeoding laleial plate <^ ih» 
parietal bone. 

The parietal, 7, is a large and long, symmetrical, roof- 
shaped bone, with a median longitudinal crest along its 
upper aurface, where the two originally distinct moieties 
have Qoaleeoed. It is narrowest posteriorly, where it 
overiaps the soperoooipital, and is itself orerlapped by 
the mastoid: it is eonvex at its middle part on eadi side 
of the sagittal spine, and is oonti&ned downwarSbi and in- { 
wards, to rest immediately upon the basisphcnoid. This ' 
part of the parietal seems to be formed by an extension 
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^ o aai fioati on along ft znembranous spaoe, like lhat whidi 
penntaneBtl/ itmiat ao in the firog, b^traon the alitph^ 
ii(ndftndorbilQiphQiM>id: the mwiwittBphaloii and the chief 
pact of die flerehnd kibes are prateated by thie unosaally 
dafTelof)ed apine of the mesencephalic vertebra. The 
optic foramina are conjugational ones, between the ante- 
rior border of the lateral plate of thid parietal and the 
posterior bord^ of the correspoiidyu^g plate of the frooteL 
The froBteto, 11^ naat by deaeending lateral platoai » 
pgaaeirtkig eoonate <HrfaiaoapheiK»d(^ 12, upon liie attemip 
atod, pointed pKolongationof the bainepheiMHd : like upper 
CMurftoe of eadi f^rental ia flat, flubqtiadrate, broader than 

long in the boa, and the reverse in the python, where the 
roof of the orbit is continued outwards by a detached super- 
orbital bone: there is a distioct, oval, articular surfaoe near 
the anterior median angle of each frontal to which the 
preftoBtal iaattaehad : the angle itaelf ia alighlly prodaeed, 
to fom the artioukr praeeaa for the naaal bonea. The 
jMnoothorintoaplieiiokl plate of tha fkontal joioa thaonter 
maigin of the upper surface of the frontal at an acute 
angle; the inner side of each frontal is deeply excavated 
for the prolongation of the cerebral lobes, and the cavity 
ia oonverted into a eanal by a median vertical plate o£ 
bone at the inner and anterior end of the frontal. The 
firontala join the parietala and poatCrontala behind^ and, 
by the aachyloaad orbital platea, the preqphenoid below, 
the prefrontals and nasals before, and the snperorbitals at 
their lateral margins. The orbitosphenoids have their 
bases extended inwards, and meet below the proscnce^ 
phalon and above the i^resphenoid, as the neurapophyses 
of the atlas meet each other above the centrum. The 
anterior third part of such inwardlj-prodnced base is met 
by a downwazd prodootion of the mesial margin of the 
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fixmta], forming a septtim between theol&ctoryprolonga^ 

tions of the brain, but is not confluent with the frontal 
boue : the outer portion of the orbitosphenoids ascends 
obliquely outwards, and ia confluent with the under part 
of theftontal; it iasmocdi eiiteniallj, and deeply notohed 
posteriorly for the optic foramen. 

The post-frontal, 12, is a modenitely long trihedral bone, 
articulated by its expanded cranial end to the frontal and 
parietal, and bent down to rest upon the outer and fore 
angle of the ectopterygoid. It does not reach that bone 
in the boa, nor in poisonous serpents. In both the boa 
and python, it receives the anterior sharp angle of the 
parietal in a notch. 

The natural segment which terminates the craninm an- 
teriorly, and is formed by the vomerine, prefrontal, and 
nasal bones, is very distinct in the ophidiras. 

The vomer, 13, is divided, as in salamandroid fishes 
and batrachians, but is edentulous : each half is a long, 
narrow plate, smooth and convex below, concave above, 
with the inner margin slightly raised; pointed anteriorly, 
and with two processes, and an intervening notch above 
the base of the pointed end. The prefrontals, 14, are 
connate with the lachrymals, 73. The two bones which 
intervene between the vomerine and nasal bones are the 
turbinals, 19 ; they are bent longitudinally outwards in 
the form of a semicylinder about the termination of the 
olfactory nerves. 

The spine of the nasal vertebra is divided symmetri- 
cally, as in the frog, forming the nasal bones, 15 ; they are 
elongated, bent plates, with the shorter upper part arching 
outwards and downwards, completing the olfactory canal 
above, and with a longer median plate, forming a vertical 
wall, applied closely to its fellow, except in front, where 
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^ nasal piDosas of ths pmwmlkgy » Toonvisd ta tbs 
intsispaoe of Uie nasals. 

The aoouflbie capsule mnalns m great part cartSlaginQos ; 

there is no detached centre of ossification in it ; to what- 
ever extent this capsule is ossified, it is by a continuous 
extension from the alisphenoid. The sclerotic capsule of 
the eye is chiefly fiJacDiw, with a tMa isMor hytK of car^ 
tilsgs; Sheoi&etQrj Qapaalsas m agmt Mtasuvooaaifiadi 
as lAxm desonbed. 



The palatine, 20, or first piece of this arch, is a strong, 
oUoDg bone, having Uie inner side of its obtuse anterior 
sod applied to the odes of l^e prefootals and turbbtaki 
and, Mar itspostericr and, scnading a short, tfaiok pnocms 
upwards and inwards for ligamentous attachment to the 
lachrymal, and a second similar process outwards as the 
point of suspension of the maxillary bone. Between these 
processes the palatine is perforated, and behind them it 
terminates in a point. The 
chief part of the maxillary, 21 ^^'K- 



backwards, and terminates in 

a point. The point of suspeuaion of the maxillary forms 
a short, narrow, palatine process. A space occupied by 
elastic ligament interyenes betwm the maxillary and the 
ppemaxillsiy, 22, which is single and Bjmat^^an^ and 



ma:s.illaky arcu. 



X4i\ is foontfnued Sorwaxda 
Seom its point of suspansioaii 
jaowsuig ia depth, and i(ermi> 
Dating obtusely ; a shorter pro- 
cess is also, as usual, continued 
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firmly wedged into the naaul intenspaoe ; tbe anterior ex- 
panded part of this small triangular bone supports two 
teeth. Thus, the bony maxillary arch is interrupted by 
two ligamentoas intervals at the sides of the premazillary 
key-bone, in ftmcdonal relation to the peonliar independ- 
ent moyements of the maxillary and palatine bones re- 
quired by serpents during the act of engulfing their usually 
large prey. Two boues extend backwards as appendages 
to the maxillary arch : one is the " pterygoid/' 24, ircm 
the palatine ; the other the ectopterygoid, 25, from the 
maxillary. T]^g pterygoid is eontinued from tbe posterior 
extremity of the palatine to abut against the end of the 
tympanic pedicle ; the under part of the anterior half of 
the pterygoid is beset with teeth. The ectopterygoid, 25, 
overlaps tbe posterior end of the maxillary, and is arti- 
onlated by its posterior-obliquely ont end to tbe enter « 
surface of the middle expanded part of the pterygoid. 



MANDIBULAR ARCH. 

« 

The tympanic bone, 28 (Figs. 14 and 16), is a strong 
trihedral pedicle, articulated by an oblique upper sui6ce 
to the end of the mastoid, and expanded transversely 
below to form the antero posteriorly convex, transversely 
concave, condyle for the lower jaw. This consists chiefly 
of an articular and a dentary, with a small coronoid ^nd 
splenial, piece. The artieular piece ends obtusely, imme- 
diately behind the condyle ; it is a little contracted in 
front of it, and gradually expands to its middle part, 
sends up two short processes, then suddenly contracts 
and terminates in a point wedged into the posterior and 
outer notch the dentary piece. The articular is deejay 
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grooved above, and (nxMltioed into a ridge bdow. The 
corondd is a short compressed plate ; the splenial is a 
longer, slender plate, applied to the inner side of the 
articular and dentary, and closing the groove on the 
inner side of the latter. The outer side of the dentary 
offers a single perforation near its anterior end, which ia 
tinited to that of the opposite ramus by elastic ligament. 

By the above-deeeribed mode of union of the extremi- 
ties of the maxillaarj and mandibular bones, those on the 
right side can be drawn apart from those on the left, and 
the mouth can be opened not only vertically, as in other 
vertebrate animals, but also transversely, as in insects. 
Viewing the bones of the mouth that su{)port teeth in 
the great constricting serpents, they offer the appearance 
of six jaws — four above and two below ; the inner pair 
of jaws above are formed by the palatine and pterygoid 
bones, the outer pair by the maxillaries, the under pair 
by the niandibles, or "rami," as they are termed, of the 
lower jaw. 

Each of these six jaws, moreover, besides the move- 
ments vertically and laterally, can be protruded and re- 
tracted, independently of the other : by these movements 
the boa is enabled to retain and slowly engulf its prey, 
which may be much larger than its own body. At the 
first seizoie, the bead of the prey is hdd firmly by the 
long and sharp recurved teeth of all the jaws, whilst the 
body is crushed by the overlapping coils of the serpent ; 
the death-struggles having ceased, the constrictor slowly 
uncoils, and the head of the prey is bedewed with an 
flbondant slimy mucus : one jaw is then unfixed, and its 
teeih withdrawn by being pushed forward, when they 
are again infixed, further back upon the prey ; the next 
jaw is then unfixed, protruded, and reatlabhed; and so 
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with the rest in succession — this movement of protrac- 
tion being almost the only one of wliich they are suscep- 
tible whilst stretched apart to the utmost by the bulk 

of the animal encompassed by 
^»g- 1^- them ; thus, by their successive 




movements, it is slowly and 
spirally introduced into the 
wide gullet. 

The bones of the mouth, in 



SKCLL or A P0I80X0U8 swAKR. thc poisouous serpeuts, have 

characters distinct from those 
of the constricting serpents. These characters consist 
chiefly in the modification of form and attachments of 
the superior maxillary bone (Fig. 15), 21, which is mov- 
ably articulated to the palatine, ectopterygoid, and lachry- 
mal bones; but chiefly supported by the latter; which 
presents the form of a short, strong, three-sided pedide, 
extending from the anterior external angle of the frontal 
to the anterior and upper part of the maxillary. The 
articular surface of the maxillary is slightly concave, of 
an oval shape ; the surface articulating with the ectopte- 
rygoid on the posterior and upper part of the maxillary 
is smaller and convex. The maxillary bone is pushed 
forward and rotated upon the lachrymal joint by the ad- 
vance of the ectopterygoids, which are associated with 
the movements of the tympanic pedicle of the lower jaw 
by means of the true pterygoid bones. The premaxil- 
lary bone (Fig. 13), 22, is edentulous. A single, long, 
perforated p)oison-fang is anchylosed to the right maxil- 
lary, and sometimes two similar fangs, as in the cobra 
figured in Cut 13. The palatine bones have four or five, 
and the pterygoids from eight to ten small, imperforate, 
pointed, and recurved teeth. The frontal bones are 
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broader than tliey are long ; there are no superorbitals. 
A strong hdge is developed &om the under surface of 
the bamsplienoid, and a long and strong recarred hypa- 
pophysis from that of tbe basioccipital ; these give inser- 
tion to the powerful " longi-oolli" muscles, by which the 
downward stroke of the head is performed in the inflic- 
tion of the wound by the poison-fieings. 

The characteristios of the trunk-yertebisa of the ophi- 
dian reptiles are as follows: Tlie autogenous elments, 
except the pleurapophyses (Fig. 16), pl^ coalesce with 
one another in the vertebraa of the trunk ; and the pleu- 
rapophyses also become anchylosed to the diapophyses 
in those of the taiL There is no trace of sntore between 
the nearal arch n, and centrum, c. The outer sub- 
stance of the vertebra is compact, with a smooth or 
polished surface. The vertebrae are 
" procoelian that is, they are articu- 
lated together by ball-and-socket joints, 
the socket being on the fore part of the 
centrum, where it forms a deep cup 
with its rim sharply defined j the cavity 
looking not directly forwards, but a 
little downwards^ from the greater pro- 
minence of the upper border ; the well- mwiaA of m 
turned prominent ball terminates the 
back part of the centrum rather more 
obliquely, its aspect being backwards and upwards. 
The hypapophysis, % is developed in different propor- 
tions from different vertebrae, but throughout the greater 
part of the trunk presents a considerable size in the 
cobra and crotalus (Figs. 1^ and 16^ hy \ it is shorter in 
the python and boa. A vascular cimal perforates the 
under sur&ce of the centrum, and there are sometimea 
8 
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iwo or eyeii liluree smaller foramina. In the python, a 
large, vertically oWong, but short diapopbjsis extends 

from the fore part of the side of the centrum obliquely 
backwards: it is covered by the articular surface lor the 
rib, GonT6X lengthwise, and convex vertically at its 
npper half, but slightly concave at its lower half. In 
the rattlesnake, the diapophysis develops a small, cir- 
cumscribed, articular tubercle, d, for the free vertebral 
rib or pleura})ophy8i8, pi] a paraj)op]iy«is, ^, extends 
downwards and ^rwards below the level of the centrum; 
the anterior zygapophysis, z, seems to be supported by a 
similar process from the upper end of the diapophysis. 
The base of the neural arch swells outward from its con- 
fluence with the centrum, and develops from each angle 
a transversely-elongated ssygapophysis; that from the 
anterior angle looking upwards, that from the posterior 
angle downwards, both surfaces being flat, and almost 
horizontal, as in the batrachians. The neural canal is 
narrow; the neural spiue, fi«, is of moderate height, 
about equal to its antero-posterior extent; it is com- 
prised and truncate. A wedge-shaped process (the 
"zygosphene"^, zs^ is developed froni the fore part of the 
base of the spine ; the lower apex of the wedge being, as 
it were, cut ofi^ and its sloping sides presenting two 
smooth, flat, articular surfium This wedge is received 
into a cavity (the " zygantrum") excavated in the poste- 
rior expansion of the neural arch, and having two 
smooth articular surfaces to which the zygosphenal sur- 
fiuses are adapted. 

Thus the vertebras of serpents articulate with each 
other by eight joints in addition to those of the cup and 
ball on the centrum; and interlock by parts reciprocally 
receiving and entering one another, like the joints called 
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tenon-aud- mortise in carpentry. In the caudal vertebrae, 
the hypapophysis is double, the transition being effected 
by its progressive bifarcatlon i^d the posterior abdominal 
vertebra. The diapophyses become mnch longer in the 
caudal vertebrae, and support in the anterior ones short 
ribs which usually become anchylosed to their extremi- 
ties. 

The pleurapophysea or vertebral riba in aerpents baye 
an oblong articular Bur&ce, concave above and almost flat 

below in the python, with a tubercle developed from the 
upper part, and a rough surHice excavated on the fore 
part of tlie expanded head for the insertion of the pre- 
costal ligament. They have a largd medullary cayitjTi 
with dense but thin walls, and a flne cancellous stmctuie 
at their articular ends. Their lower end supports a short 
cartilaginous haemapopljysis, which is attached to the 
broad and stiH' abdominal scute. These scutes, alternately 
raised and depresfle4 bj muscles attached to the riba and 
integument, aid in the gliding movements of serpents; 
and the ribs, like the legs in the centipede, subserve loco- 
motion ; but they have also accessory functious in relation 
to breathing and constriction. The anterior ribs in the 
cobra (Fig. IB), pi, are nnnsually long, and are alighUj 
bent; they can be folded back one upon another, and can 
be drawn forward, or erected, when they sustain a fold of 
integument, peculiarly colored in some species — e. g. the 
Spectacled cobra — and which has the efiect of making 
this venomous snake more conspicuous at the moment 
when it is about to inflict its deadly bite. The ribs com- 
mence in the cobra, as in other serpents, at the third ver- 
tebra from tlie head. 

The centrum of tlie first vertebra coalesces with that 
of the second, and its place is taken by an autogenoos 
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liypapophysis : this, in the python, is articulated by suture 
to the neurapophyses ; it also presents a concave articular 
surface anteriorly for the lower part of the basioccipital 
tubercle, and a similar surface behind for the detached 
central part of the body of the atlas, or " odontoid pro- 
cess of the axis." The base of each neurapophysis has 
an antero-internal articular surface for the exoccipital 
tubercle, the middle one for the hyapophysis, and a 
postero-iuternal surface for the upper and lateral parts of 
the odontoid ; they thus rest on both the separated parts 
of their proper centrum. The neurapophyses expand 
and arch over the neural canal, but meet without coalesc- 
ing. There is no neural spine. Each neurapophysis de- 
velops from its upper and hinder border a short zyga- 
pophysis, and from its side a still shorter diapophysis. 
In the second vertebra, the odontoid presents a convex 
tubercle anteriorly, which fills up the articular cavity in 
the atlas for the occipital tubercle ; below this is the sur- 
face for the hypapophysial part of the atlas, and above 
and behind it are the two surfaces for the atlantal neura- 
pophyses. The whole posterior surface of the odontoid 
is anchylosed to the proper centrum of the axis, and in 
part to its hypapophysis. The neural arch of the axis 
develops a short ribless diapophysis from each side of 
its base ; a thick sub-bifid zygapophysis from each side of 
the posterior margin ; and a moderately long bent-back 
spine from its upper part. The centrum terminates in a 
ball behind, and below this sends downwards and back- 
wards a long hyapophysis. 

At the opposite extreme of the elongated body, two or 
three much simplified vertebra) are usually found blended 
together. In true serpents there are no scapular arch and 
appendages, no sternum, no sacrum ; but a pair of slei\der 



Google 



V£KT£9E.fi OF SSBP£]^TS. 



bones, often supporting a second bone, armed with a olaWf 
are found suspended on the flesh near the vent. The ex- 
posed parts of these appendages are called " anal hooks;" 
the parts thCTseives, like the similarly suspended ventral 
fins of the pike, are rudiments of hind limbs. 

Serpents have been regarded as animals degraded from 
a higher type ; but their whole organization, and especiaUj 
their bony strooture, demonstrate that their parts aie 
as exquisitely adjusted to the form of their whole, and to 
their habits and sphere of hfe, as is the organization of 
any animal which we call superior to them. It is true 
.that the serpent has no limbs, yet it .can oatdimb the 
' monkey, ontswim the fish, ontleap the jerboa, and, sud- 
denly loosing the close coils of its crouching spiral, it 
can spring into the air and seize the bird upon the wing: 
all these creatures have been observed to fall its prey. 
The serpent has neither hands nor talons, yet it can out- 
wrestle the athlete and crush the tiger in the embrace of 
its ponderous overlapping folds. Instead of licking up 
its food as it glides along, the serpent uplifts its crushed 
prey, and presents it, grasped in the death-coil as in a 
hand, to its slimy gaping mouth. 

It is truly wonderful to see the work of hands, feet, 
and fins performed by a modification of the vertebral 
column — by a mulliplicut ion of its segments with mobility 
of its ribs. But the vertebra? are specially modified, as 
we have seen, to compensate, by the strength of their 
numerous articulations, for the weakness of their mani- 
fold repetition, and the consequent elongation of the 
slender column. As serpents move chiefly on the surface 
of the earth, their danger is greatest from pressure and 
blows from above ; all the joints are fashioned accordingly 
to resist yielding, and sustain pressure in a vertical dire9- 

8* 
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tion ; there is no natural undulation of the body upwards 
and downwards — it is permitted only from side to side. 
So closely and compactly do the ten pairs of joints be- 
tween each of the two hundred or three hundred vertebra 
fit together, that even in the relaxed and dead state the 
body cannot be twisted except in a series of side coils. 
In the construction of the skull, which has merited a de- 
scription in some detail, and well deserves a close study, 
the thickness and density of the cranial bones must strike 
the mind as a special provision against fracture and injury 
to the brain. When we contemplate the still more re- 
markable manner in which these bones are applied, one 
over another, the superoccipital (Fig. 17), 3, overlapping 



Fig. 17. 
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the exoccipital, 4, and the parietal, 7, overlapping the 
superoccipital — the natural segments or vertebrae of the 
cranium being sheathed, one within the other, like the 
corresponding segments in the trunk — we cannot but 
discern a special adaptation in the structure of serpents 
to their commonly prone position, and a provision, ex- 
emplified in such structure, of the dangers to which they 
would be subject from falling bodies and the tread of 
heavy beasts. Many other equally beautiful instances of 
design might be cited from the organization of serpents, 
in relation to the necessities of their apodal vermiform 
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character ; just as the snake-like eel is compensated by 
analogous modifications amongst fishes, and the snake- 
like centipede among insects. 



OSTEOLOGY OF LIZARDS. 

The transition from the ophidian, or snake-like, to the 

lacertiau, or lizard-like reptiles, is very gradual and easy, 
if we pass from the serpents with fixed jaws and a scapu- 
lar arch — as, e. g. the slow-worms (anguis) — to the ser- 
pentiform lizards with mere rudiments of limbs — ^as, e. g. 
the psendopus. The distinction is eflbcted through the 
establishment of a costal arch in the trunk, completed by 
the addition of a haemal spine (sternum) and haBmapophy- 
ses (sternal ribs) to the plenrapophyses or yertebral ribs, 
which are alone ossified in ophidia. 

The yertebrm of the trank have the same procoelian 
character, i. e. with the cup anterior and the ball behind ; 
the latter being usually less prominent, more oblique, and 
more transversely oval than in serpents. The vertebrae 
also are commonly larger, and always fewer in number 
than in the typical ophidia. The ribs do not begin to be 
developed so near the head in lizards. Not only the atlas 
and dentata, but sometimes, as in the monitor {varanus\ 
the four following vertebr» are devoid of pleurapophyses; 
and when these first appear they are short, and sometimes 
(as in cychdus) expanded at their extremities. They ra- 
pidly elongate in s^ucceeding vertebra?, and usually at the 
ninth from the head {cychdus^ iguana)^ or tenth {varanua\ 
they are joined through the medium of ossified haamopo- 
physes to the sternum; two {^ranuaj^ three {fkamdeo^ 
iguana\ or four (cyclodus\ following vertebrsB are simi- 
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larly completed ; and then the haemapophyses are either 
united below without intervening sternum {chameleo\ or 
two or three of them are joined by a common cartilage to 
the cartilaginous end of the sternum. The haemapophyses 
afterwards project freely, and are reduced to short ap- 
pendages to the pleurapophyses. These also shorten, and 
sometimes suddenly, as, e. g. after the eighteenth vertebra 
in the monitors {varanus\'m which they end at the twen- 
ty-eighth vertebra, as they began, viz: in the form of 
short straight appendages to the diapophyses. 

The flying lizard (Draco volam\ is so called on account 
of the wing-like expansions from the side of its body, sup- 
ported, like the hood of the cobra, by slender elongated 
ribs. In this little lizard there are twenty vertebrae sup- 
porting movable ribs, which commence apparently at the 
fifth. Those of the eighth vertebra first join the sternum, 
as do those of the ninth and tenth ; the pleurapophyses of 
the eleventh vertebra suddenly acquire extreme length; 
those of the five following vertebrae are also long and 
slender ; they extend outwards and backwards and sup- 
port the parachute formed by the broad lateral fold of 
the abdominal integuments. The pleurapophyses of the 
seventeenth vertebra become suddenly shorter, and these 
elements progressively diminish to the sacrum; this con- 
sists of two vertebrae, modified as in other lizards. There 
are about fifty caudal vertebrae. 

The semi-ossified sternum in the iguana has a median 
groove and fissure, and readily separates into two lateral 
moieties. The long stem of the epistcrnum covers the 
outer part of the groove, where it represents the keel of 
the sternum in birds. 

In the skull of the lizard order we first meet with a 
second bony bar, diverging from the maxillary arch back- 
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wards, and abutting against the mastoid, and sometimes 
also against the tympanic and postfrontal. This h&f is 
called the zygomatic arch;" it usually consists of two 
bones — ^the one next the maxillary is the malar/' 26, 

the one next the mastoid is the "squamosal," 27; it 
assumes a form meriting that name in the tortoise, and 
first received it, as "pars squamosa," in man, where it is 
not only like a great scale, but becomes confluent with 
both the mastoid and tympanic. But, as has been before 
remarked, we must use the terms invented by anthropo- 
tomists as arbitrarj signs df the corresponding bones in 
the lower creation. 

The scapula in the monitor (varanus) is a triangular 
plate with a convex base, a concave hind border, and a 
nearly straight front border ; the apex is thick and trun- 
cate, with an oval sur&ce divided into two facets. The 
hind border forms a part of the glenoid cavity; the front^ 
one is a rough epiphysial surfiEUie, continuous with a 
similar but narrower tracts extending upon the anterior 
border, and by which the scapula articulates with the 
coracoid. In the iguanians and scincoids this synchon- 
drosis is obliterated, and the two bones are confluent. 
The hind border of the scapula is nearly straight — the 
fix>nt one sends forwards a process dividing it into two 
deep maiginations. 

The coracoid in both the varanus and iguana is short 
and broad; its main body, which articulates with the 
sternum^ is shaped like an axe-blade; and two strong, 
straight, compressed processes extend forwards from its 
neck, whicli is perforated between the origins of these 
processes and the part forming the glenoid articulations. 

The clavicles are simple sigmoid styles in the varanus 
and iguana; are bent upon themselves, like the Australian 
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boomerang, iu the cyclodus ; and have the median part of 
the bend expanded and perforated in laoerta and scincns. 
Tbej are absent in the obameleon. 

The sacral vertebrae retain, in some laoertians, the cup- 
and*ball joints; and in these, e. g. the scinooids — ^in wbicb 
the centrums coalesce, the hind end of the second presents 
a ball to the first caudal — not a cup, as in the crocodile. 
In the cyclodus, the thick, short, straight pleurapophyses 
are distinct at their origins from the two coalesced cen- 
Itromsi bat coalesce at their ends^ that of the first sacral 
being ihe thickest In varanus and iguana, the pleurapo- 
physes as well as the centrums, retain their distinctness, 
bat the hinder ribs incline forwards and touch tbe ex- 
paudod ends of the fore }>iiir. These ends are ver y thick, 
and are scooped out obli(piely behind, so as to present a 
curved border to the ilium, which Cuvier compares to ft 
.horseshoe. 

In the varanus and iguana, tbe pleurapopbyses of the 
first caudal incline backwards as much as tiiose of the 
second sacral do forwards. In the cyclodus thej extend 

outwards, parallel with those of the sacral vertebrae, an . 
are longitudinally grooved beneath. Hfemapophyses are 
wanting in the first caudal, arc developed in the second, 
and are displaced to the interval between this and the 
third; they are confluent at their distal end, and pro- 
duced into a long spine. At the twelfth tail-Tertebra, the 
line is obvious that indicates the extent of the anterior 
detached piece, or epyphysis, of the centrum, imipediately 
in front of the origin of the diapophyses; it continues 
marking off the anterior third of tlie centrum in all the 
other caudals. At this line the tail snaps olT, when a 
lizard escapes by the common ruse of leaving the part of 
the tail by which it had been seized in the hands of ihe 
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baffled pursuer. It is a very curious character, and quite 
peculiar to the lacertians — this ossification of the centrum 
from two points and their incomplete coalescence : it adds 
nothing to the power of bending, or to any other action 
of the tail, but indicates a prevision of the liability to 
their being caught by their long tail, and may be inter- 
preted as a provision for their escape. The neural arch 
has coales(!ed with the centrum throughout the tail; the 
epiphysial line does not extend through that arch; but 
its thin and brittle walls soon break, when the two parts 
of the centrum are forcibly separated. 

Lizards, as is well known, have the power of reproduc- 
ing the tail, but the vertebral axis is never ossi^ed in the 
new-formed part. 

OSTEOLOQY OF CHOCODILES. 

The numerous and varied forms of fossil bones of ex- 
tinct reptiles derive most elucidation from the skeleton 
of the higher organized sanria of Gnvier, which now are 

rightly held to constitute a distinct order, called Loricata^ 
or Crocodilia ; a more complete description, therefore, will 
be given of the skeleton of a member of this order, than 
was deemed needful in regard to the laoertian group of 
sauria. 



Fig. 18. 




SKSLKTOM or tu CBOCODILE {CrocodUm RllolteiM). 
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Commencing with the trunk, the first and second ver- 
tebra of the neck are peculiarly modified in most air- 
breathing vertebrata, and have ac- 
cordingly received thespecial names, 
the one of "atlas," the other of "axis." 
In comparative anatomy these be- 
come arbitrary terms, the properties 
being soon lost which suggested 
those names to the human anato- 

ATLAS AND AXIS VKUTKBR.^ "^'^^ ^ " ^^^^l" ^' 3'^ UO pOWCr 

OP THE CROCODILE, of rotation upon the " axis," in the 

crocodile, and it is only in the up- 
right skeleton of man that the large globular head is 
sustained upon the shoulder-like processes of the " atlas." 
In the crocodile, these vertebras are concealed by the pe- 
culiarly prolonged angle of the lower jaw in the side view 
of the skeleton (Fig. 18), and a figure of the two vertebra 
is therefore subjoined (Fig. 19). The pleurapophyses, 
are retained in both segments, as in all the other vertebra 
of the trunk. That of the atlas, pl^ a, is a simple slender 
style, articulated by the head only, to the " hypapophysis " 
ahy. The neurapophyses, na, of the atlas retain their 
primitive distinctness ; each rests in part upon the proper 
body of the atlas, ca, in part upon the hypapophysis. The 
neural spine, ?25, a, is also here an independent part, and 
rests upon the upper extremities of the neurapophyses. 
It is broad and flat, and prepares us for the further me- 
tamorphosis of the corresponding element in the cranial 
vertebras. 

The centrum of the atlas, ca, called the " odontoid pro- 
cess of the axis" in human anatomy, here supports the 
abnormally-advanced rib of the axis vertebra, pl^ x. The 
proper centrum of the axis vertebra, ex, is the only one 
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in ihh cervical series which does not support a rib ; it 
articulates by suture with its neurapophyses nx^ and is 
cbaraeterized by having its anterior surface flat, and its 
posterior one convex. 

With the exception of the two sacral vertebwe, the 
bodies of which have one articular surface flat and the 
other concave, and of the first caudal vertebra, the body 
of which has both articular surfaces convex, the bodies of 
all the vertebras beyond the axis have the anterior articular 
soifiioe concave, and the posterior one convex, and arti- 
onlate with one another by ball-and-socket joints. This 
type of vertelmi, which I have termed "procoelian" (irpo^, 
before, xotxoj, concave), characterizes all the existing genera 
and species of the order OrocodUia with alt the extinct 
species of the tertiary periods, and also two extinct species 
of the greensand formation in New Jersey.^ Here, so 
£ar as our present knowledge extends, the type was lost^ 
and other dispositions of the articular sar&ces of the 
centrum occur in the vertebras of the crocodilia of the 
older secondary formations. The only known crocodilian 
genus of the periods antecedent to the chalk and green- 
sand deposits with vcrtebrx articulated together by ball- 
and-socket joints, have the position of the cup and the 
ball the reverse of that in the modem crocodiles ; and one 
genns, thus characterized by vertebras of the ^'opistho- 
ccelian'' type (oitm^ behind, smxo^ concave), has accord- 
ingly been termed streptospondylus, signifying " vertebras 
reversed." But the most prevalent type of vertebra 
amongst the crocodilia of the secondary periods was that 
in which both articular surfaces of the centrum were con- 
cave, but in a less d^ee than in the single concave sur- 

' '^Owrtwly JeuBal of the Oeolo^eal Sodely,'* Nimiibor, 1SI9. 
9 
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face of the vertebrcB united by ball and socket. Yerfcebrse 
of this "araphiccelian" type (o/xt*, both, xotxo^, concave) 
existed in the teleosaurus and stcneosaurus. In the ich- 
thyosaurus, the concave surfaces are usually deepened to 
the extent and in the form shown in those of the fish 
(Cut 8). Some of the most gigantic of the crocodilia of 
the secondary strata had one end of the vertebral centrum 
flattened, and the other (hinder) end concave; this pla- 
tyccelian" type (nxarvs, flat, xotxoj, concave) we find in the 
dorsal and caudal vertebrae of the gigantic cetiosaurus. 

With a few exceptions, all the modern reptiles of the 
order lacertilia have the same proccelian type of vertebraj 
as the modern crocodilia, and the same structure pre- 
vailed as far back as the period of the mosasaurus, and 
in some smaller members of the lacertilian order in the 
cretaceous and wealdcn epochs. 

Resuming the special description of the osteology of the ' 
modern crocodilia, we find the proca'lian type of centrum j 
established in the third cervical, which is shorter but I 
broader than the second ; a parapophysis is developed | 
from the side of the centrum, and a diapophysis from the 
base of the neural arch ; the pleurapophysis is shorter, its 
fixed extremity is bifid, articulating to the two above- 
named processes; its free extremity expands, and its ante- 
rior angle is directed forwards to abut against the inner 
surface of the extremity of the rib of both the axis and 
atlas, whilst its posterior prolongation overlaps the rib of 
the fourth vertebra. The same general characters and 
imbricated coadaptation of the ribs (Fig. 18), pl^ charac- 
terize the succeeding cervical vertebrae to the seventh 
inclusive, the hypapophysis progressively though sligbtlj 
increasing in size. In the eighth cervical the rib becomes 
elongated and slender; the anterior angle is almost or 
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quite suppressed, and tbe posterior one more developed 

and produced more downwards, so as to form the body of 
the rib, which terminates, however, in a free point. In 
the ninth cervical, the rib is increased in length, but is 
still what would be termed a false" or floating rib" in 
anthropotomy. 

In the succeeding vertebra thepleurapophysis articulates 
with a haBmapophysis, and the haemal arch is completed 
by a hfisoial spine; and by this completion of the typical 
segment we (^tinguish the commencement of the series 
of dorsal vertebrae D. With regard to the so-called 
"perforation of the transverse process" this equally exists 
in the present vertebra, as in the cervicals; on the other 
hand, the cervical vertebrce equally show surfaces for the 
articulation of ribs. The typical characters of the seg- 
ment, due to the completion of both neural and h»mal 
arches, are continued in some species of crocodilia to tlie 
sixteenth, in some {crocodilus acutus) to the eighteenth 
vertebra. In the crocodilus acutus and the alligator lueius 
the hsamapophysis of the eighth dorsal rib (seventeenth 
segment from the head) joins that of the antecedent ver- 
tebra. The plcurapopliyses project freely outwards, and 
become " floating ribs" in the eighteenth, nineteenth, and 
twentieth vertebrae, in which they become rapidly shorter, 
and in the last appear as mere appendages to the end of 
the long and broad diapophyses : but the hasmapophyses 
by no means disappear nWcr tlie solution of their union 
with their pleurapophyses; they are essentially independ- 
ent elements of the segment, and they are continued, 
therefore, In pairs along the ventral surface of the abdo- 
men of the orocodili a, as far as their modified homotypes 
the pubic bones. 'IMicy are more or less ossified, and are 
generally divided into two or three pieces. 
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The lumbar yertebm are thoae in which the diapophj- 
ses oease to support the movable pleurapophyses, although 

they are elongated by the coalesced rudiments of sueh 
which are distinct in tlie young crocodilia. The length, 
and persistent individuality of more or fewer of these 
rudimental ribs determines the number of the dorsal and 
lumbar vertebne respectively, and exonplifies the purely 
artificial character of the distinction. The number of 
vertebra3 or segments between the skull and the sacrum, 
in all the croeodilia I have yet examined, is twenty-four. 
In the skeleton of a gavial, I have seen thirteen dorsal 
and two lumbar; in that of a crocodilus cataphraetua, 
twelve dorsal and three lumbar; in those of a crocodilus 
acutus and alligator lucius, eleven dorsal and four lumbar, 
and this is the most common number; but in the skeleton 
of the crocodile, probably the apeoieB called croa bipor- 
catus, described by Cuvier, he gives five as the number 
of the lumbar vertebrae. But these varieties in the de- 
velopment or coalescence of the stunted pleurapophysis 
are of little essential moment ; and only serve to show 
the artificial character of the "dorsal" and "lumbar" 
vertebrad. The coalescence of the rib with the diapophy- 
sis obliterates of course the character of the "costal 
articular surfaces," which we have seen to be common to 
both dorsal and cervical vertebrsd. The lumbar zygapo- 
physes have their articular sur&ces almost horizontaly 
And the diapophyses, if not longer, have their antero- 
posterior extent somewhat increased j they are much de- 
pressed, or flattened horizontally. 

The sacral vertebrae are very distinctly marked by the 
flatness of the coadapted ends of their centrums ; there 
are never more than two such vertebras in the crocodilia 
recent or extinct: in the first, the anterior surface of the 
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centrum is concave; in the second, it is the posterior sur- 
face; the zygapophyses are not obliterated in either of 
these sacral vertebrse, so that the aspects of their articular 
surface — upwards in the anterior pair, downwards in the 
posterior pair — determines at once the corresponding ex- 
tremity of a detached sacral vertebra.* The thick and 
strong transverse processes form another characteristic of 
these vertebrsd ; for a long period the suture near their 
base remains to show how large a proportion is formed 
by the pleurapophysis. This element articulates more 
with the centrum than with the diapophysis developed 
from the neural arch ; it terminates by a rough, truncate, 
expanded extremity, which almost or quite joins that of 
the similarly but more expanded rib of the other sacral 
yertebrsB. Again^M these extremities is applied a sup- 
plementary costal piece, serially homologous with the 
appendage to the proper pleurapophysis in the dorsal 
vertebrsa, but here interposing itself between the pleura- 
pophjses and haomapophyses of both sacral vertebrsB, 
not of one only. This intermediate pleurapophysial 
appendage is called the "ilium;" it is short, thick, 
very broad, and subtriangular, the lower truncated apex 
forming with the connected extremities of the h»mapo- 
physis an articular cayity for the diverging appendage, 
called the "hind leg." The hsemapophysis of the an- 
terior sacral vertebra is called " pubis," G4 ; it is mode- 
rately long and slender, but expanded and fattened at 
its lower extremity, which is directed forwards towards 
that of its fellow, and joined to it through the inter- 
medium of a broad, cartilaginous, haemal spine, com- 
pleting the haemal canal. The posterior hicmopophysis, 
63, is broader, subdepressed, and subtriangular, expand- 
ing as it approaches its fellow to complete the second 

9» 
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b»mal areli ; it is termed " iecbiam." The great develop- 

nient of all the elements of these haamal arches, and the 
peculiar and distinctive furins of those that have tlicreby 
acquired, from the earliest dawn of anatomical scieuoe, 
special names, relates physiologioallj to the f onctioiia of 
the diverging apY>endage which Is developed into a potent 
locomotive meiabur. Tliis limb appertains properly, as 
the proportion contributed by the ischium to the articular 
socket and the greater breadth of the pleurapophysis show, 
to the second sacral vertebra; to which the ilium chiefly 
belongs. 

The first caudal vertebra, which presents a ball for 
articulating with a cup on the back part of the last sacral, 
retains, nevertheless, the typical position of the ball on 
the back part of the centnun; it is thus biconvex, and 
the only vertebra of series whkdi presents tfmt 
structure. 

The first caudal vertebra, moreover, is distinguished 
{irom the rest by having no articular sur&oes for the h»- 
mapophyses, which in the succeeding caudals form a 
h»mal ardi, like the neurapophyses above, by articulat- 
ing directly with the centrum. The arch so formed has 
its base not applied over the middle of a single centrum, 
but, like the neural arch in the back of the tortoise and 
sacrum of the bird, across the interspace between two 
centrums. The first hiemal arch of the tail belongs, how- 
ever, to the second caudal vertebra, but it is displaced a' 
little backwards from its typical position. 

. The caudal h»mapophyses, hk, coalesce at Ukeir lower 
or distal ends, from which a spinons process is prolonged 
downwards and backwards; this grows shorter towards 
the end of the tail, but is compressed and somewhat ex- 
panded antero -posteriorly. The hiemal arch so ooiustitutod 
has received the name of "chevron bone." 
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It is very true, as Cuvier said in the last lecture he de- 
livered, " if we were agreed as to the crocodile's head, we 
should be so as to that of other animals; because the 
crocodile is intermediate between mammals, birds, and 
fishes." Accordingly, the following description <^ the 
crocodile's skull is coextensive with that of the fish ; if 
>the answerable bones are rightly determined between 
these, their correspondence with those of other verte- 
brates will be facilitated. The difficulties in comprehend- 
ing the nature of some of the bones of the crocodile's 
head have arisen through passing to its comparison &om 
that of the mammal's skull — hj descending instead of 
ascending to it. 

The segments composing the skull arc more modilied 
than those of the pelvis; but just as the vertebral pattern 
is best preserved in the neural arches of the pelvis, which 
are called collectively "sacrum," so, also, is it in the same 
arches of the skull, which are called collectively "cra- 
nium." The elements of which these cranial arches are 
composed, preserve, moreover, their primitive or normal 
individuality more completely than in any of the veitebne 
of the trunk, except the atlas, and consequently the arche- 
typal character can be more completely demonstrated.' 

If, after separating the atlas from the occiput, we pro- 
ceed to detach the occipital segment of the cranium from 
the next segment in advance, we find the detached seg- 
ment presenting the form and structure of the neural arch. 
The "centrum" presents, like those of the trunk, a con- 
vexity or ball at its posterior articular surface, but its 
anterior one, like the hindmost centrum of the sacrum, 

• The skull of tlie crocodile, partially (iisurticuliitoil, and with the 
bones nambered as in the lullowing description, majr be bad of Mr. 
llower, No. 22 Lambeth Terrace, Lambeth Road. 
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unites with the next centrum in advance by a flat rough 
" Butural" surface. Like most of the centrums iu the neck 
and beginning of the back, that of the occiput develops 
a hypapophysis, but this descending process is longer 
and larger, its base extending over the whole of the under 
surface of the centrum. It is a character whereby the 
occipital centrum of a crocodilian reptile may be dis- 
tinguished from that of a lacertian one; for in the latter 
a pair of diverging hypapophyses project from the under 
surface, as is shown in most recent lizards and in the 
great extinct mosasaurus. 

The upper and lateral parts of No. 1 present rough 
sutural surfaces, like those in the centrums of the trunk, 
for articulating with the " neurapophyses," Nos. 2, 2, 
which develop short, thick, obtuse, transverse processes, 
4, 4. The modified or specialized character of the ele- 
ments of the cranial vertebrae has gained for them special 
names. The centrum, 1, is called, as in fishes and all 
other vertebrates, the " basioccipital ;" the neurapophy- 
ses, 2, 2, are the exoccipitals the neural spine, 3, is 
the "superoccipital." The transverse processes, 4, 4, 
which may combine both diapophyses and paropophyses, 
are called the " paroccipitals;" they are never detached 
bones in the crocodilia, as they are in the chelonia and 
in most fishes. The exoccipitals perform the usual func- 
tions of neurapophyses, and, like those of the atlas, meet 
above the neural canal ; they are perforated to give exit 
to the vagal and hypoglossal nerves, and protect the 
sides of the medulla oblongata aud cerebellum — the two 
divisions of the epencophalon. The superoccipital, 3, is 
broad and flat, like the similarly detached neural spine 
of the atlas; it advances a little forwards, beyond its sus- 
taining neurapoph^^ses, to protect the upper surface of 
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the cerebellum ; it is traversed by tympanic air-cells, and 
assists with the exoccipitals, 2, 2, in the formation of the 
chamber for the internal ear. • 

The chief modification of the occipital segment of the 
skulli as compared with that of the osaeoiu fish, or with 
the typioftl yertobrai is the absenoe of m attached h»mal 
arch. We shall afterwards see that this arch is present 
in the crocodile, although displaced baekwards. 

Proceeding with the neural arches of the crocodileVi 
skull, if we dislocate the segment in advance of the occi- 
put, we bring away, in connection with tlie long base- 
bone, 5, the bone, 9, which in the figure of the section of 
the serpent's skull (Gut 17) is shown similarly united to 
5. In &ct| the centmnis of the -fcrtebne have here co- 
alesced, as we find to happen in the neck of die silnioid 
fishes, and in the sacrum of birds and mammals. The 
two connate cranial centrums must be artificially divided, 
in order to obtain the segments distinct to which they 
belong. The liinder portion, 5, of the great base-bone, 
which is the centrum of the panetal vertebra, is called 
" basi^henoid." It supports that part of the *^ mesence- 
phalon," which is fbrmed by the lobe of iSiB third Ten- 
trkle, and its upper surface is excavated Ibr the pituitary 
proloBgadon of that cavity. The basisphenoid develops 
from its under surface a " hypapophysis," which is sutu- 
rally united with the fore part of that of the basioccipital, 
but extends further down, and is similarly united in 
front to the " pterygoids," 24. These rough sutural sur- 
faces of the long deseeding process of the basisphenoid 
are very characteristic of that centrum, when detached, 
in a fossil state. The neurapophyses of the parietal ver- 
tebra, 6, 0, or the " alisphenoids," protect the sides of the 
mesencephalon, and are notched at their anterior margin, 
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for a conjugational foramen transmitting the trigeminal 
nerve. As aocesaorj functions they contribute, like the 

corresponding bones in fishes, to the formation of the 
ear-chamber. They have, however, a little retrograded 
in position, resting below in part upon the occipital cen- 
trum, and supporting more of the spine of that segment^ 
3, than of their own, 7. The spine of the parietal verte- 
bra is a permanently distinct, single, depressed bone, like 
that of the occipital vertebra; it is called the "parietal," 
and completes the neural arch, as its crown or kej-bone; 
it is partially excavated by the tympanic air-cells, and 
overlaps the superoccipitaL The bones, 8, 8, wedged 
between 6 and 7, manifest more of their diapophysial 
character than their homotypes, 4, 4, do in the occipital 
segment, since they support modified ribs, are developed 
firom independent centres, and preserve their individu- 
ality. They form no part of the inner walls of ike cra- 
nium, but send outwards and backwards a strong trans- 
verse process for muscular attachment. They alford a 
ligamentous attachment to the haemal arch of their own 
segment, and articulate largely with the pleurapophyseS, 
28, of the antecedent h»mal arch, whose more backward 
dis}>lacement, in comparison with its j)osition in the fish's 
skull, is well illustrated in the metamorphosis of the toad 
and frog. 

On removing the neural arch of the parietal vertebrai 
after the section of its confluent centrum, the elements 

of the corresponding arch of the frontal vertebra present 
the same arrangement. The compressed produced cen- 
trum has its form modified like that of the vertebral cen- 
trums at the opposite eztlreme of the body in many 
birds; it is called the " presphenoid." The neurapophy- 
ses, 10, 10, articulate with the upper part of 9 ; they are 
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expanded, and smoothly excavated on their inner sni&ce 
1<o sapport the sides cf the large proeenoephalon ; they 

dismiss the great optic nerves by a notch. They show 
tlae same tendency to a retrograde change of position as 
the neighboring neurapophyses, 6 ; for though they sup« 
port a greater proportion of their prop^ spine, 11, Aey 
also support part of the parietal spine, 7, and resty in 
part, below upon the parietal centrum, 5: the neurapo- 
physes, 10, 10, are called " orbitosphenoids." The neural 
spine, 11, of the frontal vertebra retains its normal cha- 
racter as a single symmetrical bone, like the parietal 
spine which it partly overlaps; it also completes t£e 
neural arch of its own segment, but is remarkably ex- 
tended longitudinally forwards, where it is much thick- 
ened, and assists in forming the cavities for the eyeballs; 
it is called the " frontal" bone. 

In contemplating in the skull itself, or such side view 
as is given in Fig. 9, p. 22, of my work on the Archetype 
Bkelekm^ the relative position of the frontal, 11, to the 
parietal, 7, and of this to the supcroccipital, 3, which is 
overlapped by the parietal, just as itself overlaps the flat- 
tened spine of the atlas, we gain a conviction which can- 
not be shaken by any difference in their mode of ossifi- 
cation, by their median bipartition, or by their extreme 
expansion in other animals, that the above-named single, 
median, imbricated bones, each completing its neural 
aroh, and permanently' distinct from the piers of such 
arch, must repeat the same element in those successive 
arches — in other words, must be " homotypes," or seri- 
ally homologous. In like manner the serial homology 
of those piers, called neurapophyses," viz: the laminss. 
of the atlas, the exooeipitals, the alisphenoids, and the 
orbitosphenoids, is equally unmistakable. Nor can we 
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shut out of view the same serial relationship df tbc 
paroccipitals, as coalesced diapophyses of the occipital 
vertebra, with the mastoids 8, and the postfrontals, 12, 
as permanently detached diapophyses of their respective 
vertebrae. All stand out from the sides of the craniuni, 
as transverse processes for muscular attachment ; all are 
alike autogenous in the turtles ; and all of them, in fishes, 
offer articular surfaces for the ribs or hcemal arches of 
their respective vertebrao; and these characters are re- 
tained in the postfrontals as well as in the mastoids oi 
the crocodiles. 

The frontal diapophysis, 12, is wedged between tk 
back part of the spine, 11, and the neurapophysis, 10; 
its outwardly projecting process extends also backwards, 
and joins that of the succeeding diapophysis, 8 ; but, not- 
withstanding the retrogradation of the inferior arch, it 
still articulates with part of its own pleurapophysial 
element, 28, which forms the proximal element of tbt 
arch. 

There finally remain in the cranium of the crocodile, 
after the successive detachment of the foregoing arches, 
the bones terminating the forepart of the skull ; but, not- 
withstanding the extreme degree of modification to which 
their extreme position subjects them, we can still trace 
in their arrangement a correspondence with the vertebrate 
type. 

A long and slender symmetrical grooved bone, 13. 
between 24 and 24, like the ossified inferior half of the 
capsule of the notochord, is continued forwards from the 
inferior part of the centrum, 9, of the frontal vertebra, and 
stands in the relation of a centrum to the vertical plates 
of bone, 14, which expand as they rise into a broad, thick, 
triangular plate, with an exposed horizontal superior sur- 



Google 



SKULL OF THE CBOCODILS. 



109 



face. These bones, which are called " prefontaIfl|" stand 
in the relation of " neurapophjaea*' to the rhmenjoephalio 
prolongations of the brain oommonlj bat erronepnsly 
called ''ol&ctory nerves;" and they form the piers or 
haunches of a neural arch, which is completed above by 
a pair of symmetrical bones, 15, called nasals/' which I 
regard as a divided or bifid neural spine. 

The eentram of this arch is established by osnfication 
in tbe expanded anterior prolongation of the fibrons cap- 
sule of the notochord, beyond the termination of its gela- 
tinous axis. The median portion above specified retains 
most of the formal characters of the centrum ; but there 
is a pair of long, slender, symmetrical ossicles, which, 
from the seat of their original development, and their 
relative position to the neural arch, must be regarded as 
also parts of its centrum. And this ossification of the 
element in question firom different centres will be no new 
or strange character to those who recollect that the ver- 
tebral body in man and mammalia is developed from three 
centres. The term "vomer" is applied to the pair of 
bones, 13, because their special homology with the single 
median bone, so caUed in fishes and mammals, is indis- 
putable; but a portion of the same element of the skull 
retains its single symmetrical character in the crocodile, 
and is connate with the enormous pterygoids, 24, between 
which it is wedged. In some alligators {all. niger) the 
divided anterior vomer extends fiur forwards, expands 
anteriorly, and appears upon the bony palate* 

Almost all the other bones of the head of the crocodile 
are adjusted so as to constitute four inverted arches. 
These are the hajmal arches of the four segments or ver- 
tebrsB^ of which the neural arches have been just described. 
But tiiey have been the seat of much greater modifica- 
10 
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Hons, by wliioh they are made enbMrrient to ft variety of 

ftinctions unknown in the haemal arches of the rest of the 
body. Thus, the two anterior haemal arches of the head 
perform the office of seizing and bruising the food ; are 
armed for that pfortx3fle with teeth: and, whikt one arch 
h firmly fixed, the other works upon it like the hammer 
upon the anvil. The elements of the fixed arch, called 
"maxillary arch," have accordingly undergone the great- 
est amount of morphological change in order to adapt 
ihat arch to its share in maeticatioiiy as well as for forming 
part of the passage for the respiratory medium, whieh is 
perpetually traversinc^ this haemal canal in its way to 
purify the blood. Almost the whole of the upper surface 
of the maxillary aroh is firmly united to contiguous parts 
' of the skull by rough or sutural sur&ces, and its i^trengtb 
is increased by bony appendages, which diverge from it 
to abut against other parts of the skull. Comparative 
anatomy teaches that, of the numerous places of attach- 
ment, the one which connects the maxillary arch by its 
element, 20, with the centrum, 13, and the descending 
plates of the neurapophyses, 14, of the nasal segment, is 
the normal or the most constant poiat of its suspension, 
the bone, 20, being the pleurapophysial element of the 
maxillary arch: it is called the "palatine," because the 
under sutfkce forms a portion of the bony roof of the 
mouth, called the "palate." It is articulated at its fore 
part with the bone, 21, in the same plates, which bone is 
the haemapophysial element of the maxillary arch : it is 
called the ^mfladllary," and is greatly developed both in 
length and breadth; it is connected not only with 20 be- 
hind, and 22 in front, which are parts of the same arch, 
and with the diverging appendages of the arch, viz., 26, 
the malar bone, and 24, the pterygoid, but also with the 



Digitized by Gopgle 



riKULL OF THE CliOCO DII.E. 



Ill 



nasals, 15, and the lachrymal, 16, as well as with its fellow 
of the opposite side of the arch. The smooth, expanded 
horizonUd plate, which efiects the latter junction, ib called 
the palatal fdaleof the maxillary ; the thick^ed extemal 
border, where this plate meets the external rough aurlbee 
of the bone, and which is perforated for the lodgment of 
the teeth, is the " alveolar border" or " process" of the 
maxillary. The h»mal apsne or key-bone of Ihe iareh, 22, 
k bifid, and the arch is completed by the aymphysial 
junction of the two symmetrical haives ; these halves are 
called "premaxillary bones:'' these bones, like the maxil- 
iaries, have a rough facial plate, and a smooth palatal 
pkte, with the connecting alveolar border. The median 
symphysis is perforated vertioally throogh both plate; 
the outer or upper hole being the external nostril, the 
under or palatal one being the prepalatal or naso-palatal 
aperture. 

Both the palatineand the maxillary bones laendoutwards 
and backwards parts or proceasea which diverge from 

line of the hsemal arch, of whiqh they are the chief ele- 
ments; and these parts give attachment to distinct bones 
which form the "diverging appendages'' of the arch, and 
serve to attadi it, as do the diverging appendages of the 
ihonsoie hssmal arches in the bird, to the succeeding arch. 

The appendage 24, called " pterygoid," effects a more ^ 
extensive attachment, and is peculiarly developed in the 
erocodilia. As it extends backwards it expandfl| unites 
with its fellow below the nasal canal, and encon^asaing 
that canal, coalesces above it with the vomer, and is firmly 
attached by suture to the prespLenoid and basisphenoid : 
it surrounds the hinder or })alatal nostril, and, extending 
outwards, it gives attachment to a second bone, 25, called 
" eotopteiygoid/' which is firmly connected with the max- 
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illary, 25, the malar, 26, and the postfrontal, 12. The 
second diverging ray is of great strength; it extends from 
the maxillarj, 21 (^'ha3mapophysi8" of the maxillary arch)^ 
to the tympanic, 28 plearapqphjses" of the mandibular 
arohX and is divided into two pieoea, the makr, 26, and 
ihe squamosal, 27. Sach are the chief crooodilian modi- 
fications of ihe bflsmal arch, and appendages of the ante- 
rior or nasal vertebra of the skull. 

The liopmal arch of the frontal vertebra is somewhat less 
metamorphosed, and has no diverging appendage. It is 
slightly di^laced backwards, and is articulated by only a 
small proportion of its pleorapophysis, 28, to the panpo- 
physis, 12, of its own segment; tiie major part of that 
short and strong rib articulating- with the parapopbysis, 
8, of the succeeding segment. The bone, 28, called "tym- 
panic," because it serves to support the " drum of the ear' 
in air-breathing vertebrates, is short, strong, and innmov- 
ably wedged, in the crocodilia, between the paroccipital, 
4^ mastoid, 8, postfrontal, 12, and squamosal, 27 ; and the 
conditions of tiiis fixation of the plenrapophysis are ex- 
emplified in the great deyelopment of the hssmapopbysifl 
(mandible), which is here nnnsnally long, supports numer- 
ous teeth, and requires, therefore, a firm point of suspen- 
sion, in the violent actions to which the jaws arc put in 
^ retaining and overcoming the struggles of a powerful 
Hying prey. The movable articulation between the plea- 
lapophysis, 28, and the rest of the haamal ardi is analogous 
to that which we find between the thoraoic plenrapophysis 
and hadmapophysis in the ostrich and many other birds. 
But the hsemopopliysis of the mandibular arch in the 
crocodiles is subdivided into several pieces, in order to 
combine the greatest elasticity and strength with a not 
excessive weight of bone. The different pieces of this 
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purpoBaiy eabdividad etomaat hm xooeiTed dfifinite 
Barnes. That numbered 29, wbieh offers the artioQlar 
ooiKsaTity to the convex condyle of the tympanic, 28, is 

called the "articular'' piece; that beneath it, 30, which 
develops the augle of the jaw, when this projects, is the 
"aagular" piece ; the piece above, 29', is the " surangular;" 
thie tibin, broad, flat piece, 81, applied, like a splint, to the 
inner side of the other parts of the ramidible^ is the 
'^splenial;" the small acceflsory osside^ H% is the '^ooro* 
noid," because it develo|i8 the prooeas, so called, in lisards; 
the anterior piece, 32, which supports the teeth, is called 
the " dentary." This latter is the homotype of the pre- 
maxillary, or it represents that bone in the mandibular 
ftich, of which it may be regarded as the hfi^xud spine; 
the other pieces are subdivisions of the hsemapophysiai 
element. The purport of this snbdiTisioo of the lower 
jaw-bone hss been w^ cxplaiaed by Ckmybeare^ and 
Buekland,' by the analogy of its structure to that adopted 
in binding together several parallel plates of clastic wood 
or steel to make a crossbow, and also in setting together 
thin plates of steel in the springs of carriages. Dr. Buck- 
land adds: "Those who have witnessed the shock given 
to the head of a crocodile by the act of snapping together 
its thin long jaws, must have seen how liable to fracture 
the lower jaw would be, were it composed of one bone only ^ 
on each side." The same reasoning applies to the com- 
posite structure of the long tympanic pedicle in fislies. 
In each case the splicing and bracing together of thin flat 
bones of uneciuai length and of varying thickness, affords 
compensation for the weakness and risk of fracture that 

> "Geol. Tnnt.," 1821, p. 665. 

* '«Bridgewater Treatise," 1836, toL i. p. 176. 

10* 
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would Otherwise have attended tlie elongation of the parts. 
In the abdomen of the crocodile, the analogous subdivision 
of the hsemapopbyses, there called abdominal ribs^ allo^¥s 
of a slight diange of their length, in the expanaon and 
contraction of the walls of that cavity ; and since amphi- 
bious reptiles, when on land, rest the whole weight of the 
abdomen directly upon the ground, the necessity of the 
modification for diminished liability to fracture further 
appears. These analogies are important, as demonstrating 
that the general homology of the elements of a natnral 
segment of the skeleton is not affected or obscured by 
their subdivision for a special end. Now this purposive 
modification of the hasmapophyses of the frontal vertebra, 
is but a repetition of that which affects the same elenkents 
in the abdominal vertebrsa. 

Passing next to the haemal arch of the parietal verte- 
bra, we are first struck by its small relative size. Its 
restricted functions have not required it to grow In pro- 
portion with the other arches, and it consequently retains 
much of its embryonic dimensions. It consists of a 
ligamentous " stylohyal," its pleurapophysis retaining the 
same primitive histological condition which obstructs the 
ordinary recognition of the same elements of the lumbar 
h»mal arches. A cartilaginous "epihyal," 39, intervenes 
between this and the ossified " havmapophysis," 40, which 
bears the special name of ceratohyal. The haemal spine, 
41, retains its cartilaginous state, like its homotypes, in 
the abdomen; tiiere tiiey get the spedal name of "abdo- 
minal sternum," here of '^besihyal." The basihyal has, 
however, coalesced with the thyrohyals to form a broad 
cartilaginous plate, the anterior border rising like a valve 
to dose the &uoeja, and the posterior augles extending 
beyond and sustaining the thyroid mi Qtb^r parts of the 
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larynx.- The loner, bony "oeratohyal," and the commonly 
car^aginouB epihjal," are suspended by the ligament- 
ous *^8tylohjal'' to the paroocipital process; the whole 
aroh having, like the mandibular one, retrograded irom 
the connection it presents in fishes. 

This retrogradation is still more considerable in the 
succeeding hcemal arch. In comparing ihe occipital seg- 
ment of the crocodile's skeleton with that of ihe 6sh, the 
chief modification that distinguishes that segment in the 
crocodile is the apparent absence of its haemal arch. We 
recognize, however, the special homologues of the con- 
stituents of that aroh of tiie fish's skeleton in the bones 
51 and 52 of the crocodile's skeleton (Fig. 18) ; but ihe 
upper or suprascapular piece, 50, retains, in connection 
with the loss of its proximal or cranial articulations, its 
cartilaginous state ; the scapula, 51, is ossified, as is like- 
wise the coracoid, 52, the lower end of which is separated 
from its fellow by the interposition of a median, symme- 
trical, partially -ossified piece called " episternum." The 
power of recognizing the special homologies of 50, 51, 
and 52 in the crocodile^ with the similarly-numbered 
constituents of the same arch in fishes — ^though masked, 
not only by modifications of form and proportion, but 
even of very substance, as in the case of 50 — depends 
upon the circumstance of these bones constituting the 
same essential element of the archetypal skeleton, vis^ 
the fourth haemal arch, numbered pl^ 52, in Fig. 7 : for 
although in the present instance there is superadded, to 
the adaptive modifications above cited, the rarer one of 
alter^ connections, Cuvier docs not hesitate to give the 
same names, ''suprascapulaire" to 50, and ^^scapulaire" 
to 51, in both fish and crocodile; but he did not perceive 
or admit that the narrower relations of special homology 
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were a rosoU of, and neoesBarily iacladed in, the wider 

law of general homology. According to the latter law, 
we discern in 50 and 51 a compound " pleurapophysis/* 
in 52 a " hsemapophysis," and in hs, the '^hasmal spine," 
completing the haemal an^. ^ 

The 8eapulo-coni^d aroh, boAi elements, 51, of 
which retain the form of strong and thick vertebral and 
Bternal ribs in the crocodile, is applied in the skeleton of 
that animal over the anterior thoracic haemal arches. 
Yiewed as a mare robust hsmal arch, it is obviously oui 
of place in reference to the rest oS its vertebral segment 
If we seek to determine that segment by the mode in 
which we restore to their centrums the less displaced 
neural arches of the antecedent vertebrn of the cranium 
cor in the sacrum of the Inrd,^ we proceed to jexaqoine the 
TcrtebrsB before and behind the displaced arch, with the 
view to discover the one which needs it, in order to be 
made typically complete. ^Finding no centrum and neu- 
ral arch without its pleurapophyses from the scapula to 
the pelvis, we give up our search in that dizcolion; and 
in the opposite direction we find no vertebra without its 
ribs, until we reach the occiput ; there we have centrum 
and neural arch, with coalesced parapophyses, but with- 
out the luemal arch, which arch can only be supj^ed by 
a rertcradon of the bones 50--62 to the place which they 
naturally occupy in the skeleton of the fish. And since 
anatomists are generally agreed to regard the bones 
60-52 in the crocodile (Fig. 18) as specially homologous 
with those so numbered in the fish (Fig. 9), we must con- 
clude that they are likewise homologous in a higher 

' See '-Oil the Archetype and Homologies of tlie Vertebrate S|ieletoD," 
pp. 117 and 159. 
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wiue; tbat in the fish the soapQla-ooxaeoid aroh is in ito 
natural or typical position, whereaa in the crooodile it 
baa heen displaced for a special purpose. Thtis, agree- 
ably with a general principle, we perceive that, as the 
lower ^rtebrate animal illustrates the closer adhesion to 
the archetype by the natural articulation of the scapulo- 
oofaooid arch to the occiput, bo the higher Tertebrate 
maDifeats the auperior inflnenoe of the antagonising 
power of adaptive modifieation by the removal of that 
arch from its proper segment. 

The anthropotomist, by this mode of counting and de- 
fining the dorsal vertebrae and ribs, admits, uncx)nsciously 
perhaps, the important principle in general homology 
which is here exemplified; and which, pursued to its 
legitimate oonseqnences, and farther applied, demon- 
strates that the acapnia is the modified rib of that 
eentram and nenral arbh, which he calls the ''ocdpital 
bone;" and that the change of place which chiefly masks 
that relation (for a very elementary acquaintance with 
comparative anatomy shows how little mere form and 
proportion affect the homological characters of bones), 
difGors only in extent, and not in kind, from the modifica- 
tion which makes a minor amonnt of comparative obser- 
vation reqnisite, in order to determine the relation of the 
shifted dorsal rib to its proper centrum in the human 
skeleton. 

With reference, therefore, to the occipital vertebra of 
the crocodile, if the comparatively well-developed and 
permanently -distinct ribs of all the cervical vertebrsd- 
prove the scapular arch to belong to none of those seg- 
ments, and if .that h»mal arch be required to complete 
the occipital segment, which it actually does complete in 
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fiihes, then the same conclusion must apply to the same 
arch in other animals, up to man himself. 

The anterior locomotive extremity is the diverging ap- 
pendage of the arch, under one of its nnmeroas modea 
and grades of developmfint The pronnml dlei^gent of 
this appendage, or that nearest the arch, is called the 
"humerus," 53 (Fig. 18), The second segment of the 
limb consists of two bones ; the larger onei is called 
the vhia:" i% artidulates with the out^ oondyk of iha 
hameros by an oval &oet, the thick eoayex border of 
which swells a little out behind, and forms a kind of 
rudimentul olecranon the distal end is much less than 
the proximal one, and is most produced at the radial side. 

The radios, 55, has an oval head; its shaft ia oylin- 
drioal ; its distal end oblong and subcompressed. 

The small bones, 56, which intervene between these 
and the row of five longer bones, are called " carpals 
they are four in ntimber in the erooodilia. One seems (o 
be a c(Mitinuaition of the radina, another of the ulna ; these 
two are the principal carpals; they are compressed in the 
middle, and expanded at their two extremities : that on 
the radial side of the wrist is the largest. A third small 
ossicle prqjecta slightly backwards from the proximai end 
of the ulnar metacarpal ; it answers to the bone " pisi* 
forme*' in the human wrist. The fourth ossicle is inter- 
posed between the ulnar carpal and the metacarpals of 
the three ulnar digits. 

These fiye tmninal-jointed rays <^ the appendagpa are 
connted from the radial to l^e nlnar side, and have to* 
ceived special names; the first is called "poUex," the 
second "index," the third "mediii.s," the fourth "annu- 
laris," and the fifth " minimus." The first joint of each 
digit is called metacarpal the others are termed " pha- 
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knx." In the crooodiliai the pollex has two phalanges^ 
Hoe index three, the mediut four, the annularis lour, and 
the minimus three. The terminal phalanges, which are 

modified to support claws, are called " ungual" phalanges. 

As the above-described bones of the scapular extremity 
are de\'olopments of the appendage of the scapular arch, 
which 18 the biBmal aroh of the oocipital yertebra, it 
IbllowB^ that^ like the branchioetegial rays and opercular 
boncvs ill fishes, tliey are essentially bones of the head. 
But the enumeration of the bones of the crocodile's skull 
is not completed by these ; there is a bone anterior to the 
orbit, which i» perforated at its orbital border by the duct 
of the lachrymal gland, whence it is termed the ^laoh* 
rymal bone," and its facial part extends ibr wards between 
the bones marked 14, 15, 21, and 26. In many croco- 
dilia there is a bone at the upper border of the orbit, 
which extends into the substance of the upper eyelid ; it 
is called '*superorbita1." In the crooodilns palpebrocnis 
there are two (j>f these ossicles. 

Both the lachrymal and superorbital bones answer to a 
series of bones found commonly in fishes, and called 
^ anborbitals" and soperorbitala." The ladirymal is the 
most anterior of the suborbital series, and is the largest 
in fishes; it is also the. most constant in the vertebrate 
series, and is grooved or perforated by a mucous duct. 
These ossicles appertain to the dermal or muco-dermAl 
system or ^'exoskeleton," not to the vertebral sjFitem or 
^'endoskeleton.'' 

There remains, to complete this sketch of the osteology 
of the crocodile, a brief notice of the bones composing 
the diverging appendage of the pelvic aroh : these being 
ft repetition of the same element as the app^a^ of the 
aoapolar aich, modified and developed for a similar office, 
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manifest a very close resemblance to it. The first bone, 
called the ^* femur," is longer than the humems, and, like 
it, }uesents an enlargement of both extremities, with a 
double curvature of the intervening shaft, but tlie direc- 
tions are the reverse of those of the humerus, as may be 
seen in Fig. lb, where the upper or proximal half of the 
femur is concave, and the distal half conyex, antexiorlj. 
The head of ihe femur is compressed from side to sicte, 
not from before backwards, as in the humerus; a pyra- 
midal protuberance from the inner surface of its upper 
fourth represents a "trochanter;" the distal end is ex- 
panded transversely, and divided at its back part into two 
condyles. The next segment of the hind-limb or '4eg," 
includes, like the corresponding segment of the fore-limb 
called " fore-arm," two bones. The largest of these is the 
tibia," 66, and answers to the radius. It presents a large, 
triangular head to the femur; it terminates below by an 
oblique orescent with a convex surface. The "fibula" is 
much compressed above ; its shaft is slender and cylin- 
drical, its lower end is enlarged and triangular. The 
group of small bones which succeed those of the 1^ are 
the tarsals; they are four in number, and have each a 
special name. The " astragalus" articulates with the tibia, 
and supports the first and part of the second toe. The 
calcaneum intervenes between the fibula and the ossicle 
supporting the two outer toes ; it has a short but strong 
posterior tuberosity. The osslde referred to represents 
the bone called " cuboid" in the human tarsus. A smaller 
ossicle, wedged between the astragalus and the metatar- 
sals of the second and third toes is the " ectocuneiforra." 

Four toes ouly are normally developed in the hind-fi>ot 
of the crooodilia; the fifth is represented by a stunted 
rudiment of its metatarsal, which is articulated to the 
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caboid and to the base of the fourth metatarsal. The foar 
normal metatarsaLi are much longer than the correspond- 
ing metacarpals. That of the first or innermost toe is the 

shortest and strongest ; it supports two phalanges. The 
other three metatarsals are of nearlj equal length, but 
progressively diminish in thickness from the second to 
the fourth. The second metatarsal supports three pha- 
langes ; the third four; and the fotirth also has four pha- 
langes, but does not support a claw. The fifth digit is 
represented by a rudiment of its metatarsal in the form of 
a flattened triangulhr plate of bone, attached to the outer 
side of. the cuboid, and slightly curved at its pointed and 
prominent end. 

The forms and proportions of the entire skeleton of the 
crocodile are adapted to the necessities of an amphibious 
animal, but minister to much more rapid and energetic 
inovements in wator than on land. The short limbs pre- 
clude the possibility of very quick course along shore; 
and the overlapping of the ribs of the neck, whilst en- 
abling the head the better to cleave the water during the 
acts of diving or swimming, makes the bending of that 
part from side to inde an act of difScultf and time; this, 
it is said, may avail any one pursued by a crocodile on 
dry land to escape by turning out of the straight course. 
But the crocodile usually seizes his prey by stratagem or 
concealment when in or dose to the water ; and it is there 
that he shows himself master of his position, and chiefly 
by the powerful strokes d his long, large, verticallj- 
flattened tail. 
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OSTEOLOGY OF CIIELONIAN REPTILES — 
TORTOISES AND TDRTLBS. 

Those aaiiiaie^ to wluch,.iQ the manifold inodi&cation» 
of the organic ftameiroriE, a portable dwelling or plaoo 
of sefoge hm been giTeo^. in compensation fox inferior 
powers of lomeootioii or other means of eseape or defence^ 

have always attracted especial attention; and of them the 
most remarkable, both for the complex construction o£ 
' their abode as weU as for th^ empdhDtdyelj high orga*. 
nisation, are the reptiles of the ehelonian order. The* 
expanded \horacic-abdominal case, into which, in most 
chelouians, the head, the tail, and the four extremities 
can be withdrawn, and in some of the species be there 
shut op hf momjhle doars oloselj fitting both, the amtet 
vior and postesios apertoxes, as ct p. ia the boot-toitoise* 
(finosiernon, dsindo), has been lihe subject of many and 
excellent investigations ; and not the least interesting 
result has been the discovery that this seemingly special 
ssid anomalons siii^raddition to tba ordin^u^ Tertebrate*. 
atractniie is due, in. » great degree, to tihe modification of 
form and size, and, in a less degree, to a change of relative 
position, of ordinary elements of the vertebrate skeleton. 

The natural dwelling^ohamber of the chelonia consista 
q1m%,, and in tfie marine speoiefr(d^2ofM)and mudrtiirtil«» 
(&%bn^a;)! solely, of the floor and the roof^ side«walls> ofl 
variable extent arc added iu the fresh-water species (e???^- 
dians) and land-tortoises {testudinians). The whole consists 
chiefly of osseous " plates" with superincumbent horny 
plates or "scutes," except in the soft or mud-tortoises 
{trionyx and S2^hanjis\ in which these latter are wanting. 

Fig. 20 shows the manner in which the head and tail 
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can be retracted within the thoracic-abdominal box; the 
four limbs are figured as extended in the act of walking, 
to dhow their ttniGtare. The only movable vertebrsd are 
^hoBe of tho neok and tail, and the former enjoy a great 
degree of flenbility. Hie vertebm answering to the dor- 
sal, lumbar, and sacral scries are firmly fixed together; 
but the dorsal ones, 1 to S, are chiefly couoerned ia the 
fixrmation of the oeeeona dmlling-chamber. The com- 
podfeba of thii iriU be teit deeoribed as it exists in th* 
lorile {chetme\ the spooks ealled ''loggerhead" being here 
selected for its illustration. 

' In the mapae speoies of the oheloniaa order, of which 



Fig. 20. 
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this may be regarded as the type, the ossification of the 
carapace and plastron ia less extensive, and the whole 
skeleton is lighter than in the box-tortoise (Fig. 20), 
or anjr of those speoiea that live on dry land. The 
head la proportioiudlj laiiger — a character common to 
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aquatio ammals; and, b^g incapable of ratraotioB 
within tbe carapace, ossification extends in tbe diiee- 

tion of the fascia covering the temporal muscles, and 
forms a second bony covering of the cranial cavity; this 
accessory defence is not dne to the intercalation of any 
new bones, but to exogenons growths from the frontal 
11, postfirontals, 12, parietals, 7, and mastoids, 8. 

The carapace (Fig. 21) is composed of a series of median 
and symmetrical pieces ^1 to 5II, and of two series 
of nnsymmetrical pieces on each aide. The median jneeea 
have been regarded as lateral expansions of the snmiflita 
of the neural spines; the medio-lateral pieces as similar 
developments of the ribs ; and the marginal pieces as the 
homologues of the sternal ribs. But the development 
of the carapace shows that ossification begina independ- 

Kg. 21. 




CAlurACS or TDBTLS {Chehne imbrieata), 

ently in a fibro-cartilaginous matrix of the corium in the 
firsts cA| and some of the last, ^9 to «11, median plates. 
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and extends from tbe Munmiti of the neural i^ines into 
cwlj eif^ of tbe mterrening plates, « 1 to osnfioatioii 
also extends into tbe eontignoos latooral plates, pllto plS^ 
in floiM eMoiiia^ not firom the correflponding part of the 

BTibjacent ribs, but from points alternately nearer and 
further from their heads, showing that such extension of 
ossification into the corium is not a development of the 
tuberale of the lib, as has been supposed. Ossification 
eommeaees independently in the corium in all the margin 
nsl platsB^ ml to py^ whieh never eoalesoe the bones 
nnlfcing the sternum -with the TSirtebxal ribs, and irhieh 
are often more numerous, and sometimes less numerous 
than those ribs, and in a few species are wanting. 
Whence it is to be inferred that the expanded bones of 
the carapace, which are supported and impressed by the 
thick epidermal scutes called "tortoise-shell," are dermal 
ossifications, homologous with those which support the 
nuchal and dorsal epidermal scutes in the crocodile. 
Most of the pieces of the can^>ace being directly con- 
tinuous or connate with the obvious elements of the ver- 
tebrae, which have been supposed exclusively to form 
them by their unusual expansion, the median ones, s 1 to 
5 11, have been called "neural plates," and the medio- 
lateral pieces, pllto pi "costal-plates;" but the exter- 
nal lateral pieces, m 1 to ml2, have retained the name of 
''marginal plates." The first or anterior of the median 
plates (ch, ''nuchal plate*^ is remarkable for its great 
breadth in the turtles, and usually sends down a ridge 
from the middle line of its under surface, which articu- 
lates more or less directly with the summit of the neural 
arch of the first dorsal vertebra; the second neural plato 
is much narrower, and is connate with the summit of the 
neural spine of the second dorsal vertebra; the seven suo^ 
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oeediag neural plates have the same idatioDs witib the 
saooeeding neural spines ; the rest are independent dsT" 

mal bones. The costal plates of the carapace are super- 
additions to eight pairs of the pleurapophyses or ver- 
tebral portions of the aeoond to the ninth ribs inolosiye. 
The slender or prc^r pcnrtiona of these ribs pn^eefc 
freely for some distance beyond the connate dermal 
portions, along the under surface of which the rib may 
be traced, of its ordinary breadth to near the head, which 
liberates itself from the costal plate to articulate to the 
interepace of the two contigaons Tertebrn^ to the poa> 
terior of which such rib properly belongs. 

The plastron, or floor of the bony house, consists in 
the genus Chelone^ as in the rest of, the order, of nine 



Fig. 22. 




PLASTRON OF CHBLORB CAOUAHNA. 



pieces — one median and symmetrical, and the rest in 
pairs. With regard to the homology of these bones, 
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three eoq^knationa may. be given: one in oonfanmty 
Uritk the staruotaie of the thoraoio-abdoimnal cage in the 
eroeodile ; the other baaed upon the analogy of that part 

in the bird ; and the third agreeably with the phenomena 
of development. According to the first, the median 
piece of the plastron, called " entostemal," S, answers to 
the stemnm of the crocodile, or sternnm proper," and 
the four pairs of plastron-pieoes, es, ^ |w, oss^ answer to 
the '^htdmapophysea'' forming the so-called sternal and 
abdominal ribs of the crocodile. Most comparative ana- 
tomists have, however, adopted the views of Geoffroy St. 
Hilaire, who was guided in his determination of the 
pieces of the plastron by the analogy of the skeleton of 
the bird ; according to which all the parts of the plas- 
tron are lefened to a complex and greatly developed 
sternnm, and the marginal plates are viewed as sternal 
ribs (h«mapophyses). The third ground of determina- 
tion refers the parts of the plastron, like those of the 
carapace, to a combination of parts of the eudoskeleton 
with those of the exoskeleton. 

In Fig. 21, the marginal plates m 1 to m 12, are 
twenty -four in number, or twenty-six if the first (nuchal, 
cA) and laat (pygal, py) vertelnral platea be included. 
Omitting these in the enumeration, three marginal piidoes 
intervene on each aide at the anglea between the first 
median plate and the point of the first costal plate formed 
by the end of the second dorsal rib, which point enters a 
depression in the fourth marginal piece, m 4 ; the fifth, 
sixth, seventh, eighth, ninth, and tenth marginal plates 
are similarly articulated by gomphosia to tiie aix suo* 
oeeding ribs; the eleventh marginal plate has no cone* 
spending rib ; the twelfth is articulated with the point of 
the ninth dorsal rib supporting the eighth costal plate. 
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The WBBt of eonooffdtnee vith the veHfbtal ribs, of 

*' pleurapophyses," arising from the iucrctosed number of 
the marginal pieces, favors the idea of their being dermal 
OMi&MtMMtfy such periphiml elements being more snb- 
jeot to TiBgetaliTe division $n& nohipliotlifKi Am tho* 
hlBBUipophyaes: tlie abmee of tho marginal piooes iii 
the trionyx gives additional support to the same vievr. 
ThQ median piece, S, is here regarded as a haamal spinet 
it if CiUed " enliOfllemBm." TlMparidpieoMoCtliiopkMir 



Fig. 28. 




SBeMBMT OF CABAPAOB AVD PLASTBOIT* 



trou are the " hsomapoph jses" ^nuate with expended 
dermel ewfiottbioii^ and have reoeived the following ope* 
eial Bamee: "episternal;^ A^, " hyoeteinal ;" ps, "hj- 

posternal xs, " xiphisternal." 

In some extinct chelooiai the number of these lateral 
Clements of the plastrai k incraaasd by an inteioalated 
pair wlueh I have ealled "mesoatei'D^" In Urn 4£weB 
of the segment, as modified to Ibrin the earapaoe and 
plastron (Cut 28), the nature of the bones is indicated by 
the letters according to the explanation given of the 
archetype vertebm {Wig. pu 2^% the dermal aaperadr 
ditions being marked sc. 
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In the figure of the skeleton of the box-tortoise (Fig. 
20) a section of the carapace and plastron has been re- 
moved £rom the right side to expose tbe donaL and 
SMsral Yertebns^ and the disposition of the soapnlar and 
pelvic arches. The eight cervical vertebr» are free, 
movable, and ribless ; the fourth of these vertebrae has 
a much elongated centrum, which is convex at both 
ends ; the eighth is short and broad, with the antezkir 
SQx&oe of the body divided into two transYersely elon- 
gated convexities, and the posterior part of the body- 
forming a single convex surface divided into two lateral 
iaoets; the under part of the centrum is carinata The 
neural aich, which is anchjiosed to this oontnun, is 
short, broad, obtoae, and overarched by the broad ex- 
panded nuchal plate, ch. The first dorsal vertebra, d 1, 
is also short and broad, with two short and thick pleura- 
pophyses, articulated by one end to the expanded ante- 
rior part of the eentrom, and united by sntnie at the 
olher end to the succeeding pair of ribs. The head of 
each rib of the second pair is supported upon a strong 
trihedral neck, and articulated to the interspace of the 
first and second dorsal vertebra: it is connate, at the 
part oonesponding to the tubercle, with ihe first broad 
eosta] plate, which articulates by suture to the lateral 
margin of the first neural plate, and to portions of the 
nuchal and third neural plates : the connate rib, which is 
almost lost in the substance of the .costal plate, is eon* 
tinned with it to the anterior and outer part of die cara- 
pace, where it resumes its subcylindrical form, and arti- 
culates with the second and third marginal pieces of the , 
carapace. The neural arch of the second dorsal vertebra 
is shifted forwards to the interspace between its own cen- 
trum and that of the first dorral vertebra. A similar 
disposition of the neural arch and spine, and of the ribs, 
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preyfdiii irlhedufd totiie iii»tii dorsftl wvr^rm inelu- 

sive. The corresponding seven neural plates are connate 
with the spines of ^lose vertei)raB, and torm the major part 
q£ the medka pieeea of the carapace; the correspondiag 
mtal plalM, tnekydoMd to iOm nbs, fom tfa» amiio- 
iatend pieoeB ; 4h& niath, tenih, oad p jgal plates, iriih tiw 
' marginal plates of the carapace, do not coalesce with any 
parts lof the endoBkeleton. The bonj floor of the great 
ahdnminri boz^ or ^plaHson," is foraiedljj the hBnBa|ic»» 
phyaea ami etemani'eonaate nifth denaal oneooi p]al«% 
forming, as in the turtle, nine pieces, one median and sym^ 
metrical, answering to the proper sternum, and eight in 
paijoi: liat they are more ossified, and the hyo and hypo- 
eter Aaki mmte avturally irith the foaith, fifil^ and aizik 
.itiirginal piattei, fomiag the dde^wallaof the bony cham^ 
ber. The junction between l3ie hyo- and hypostemals 
admits of some yielding movement. The iliac bones, 62, 
abut against the pleuiapophys€B of the tendi, eleventh^ 
and twelfth veitebne, coimtiog from the irat donal tbt* 
tiiiini* These three verlebraalbm the aaeront their pleii^ 
rapophyses are unanchylosed, converge, and unite at their 
distal extremities to form the articular surface for the 
ilium. Beyond these the vertebra), thirty-five in number, 
am free, vith riuxrt, straight, and thick pieuiapcphyMi^ 
artiowlated to the tides of the anterior expanded poitiona 
of the centrums. They diminish to mere tubercles in the 
fixat oaudal vertebra, and disappear in the remainder. The 
nenzal arches of the eaudal vertebno are fiat above, and 
spines. The strong oolunmar soapula, 51, is 
attached by ligament to the first oostel plate, and, retain* 
ing its primitive rib-like form, it descends almost vertically 
to the shoulder-joint, of which it forms, in common with 
the ooraeoid, 6^ the glenoid oaTit j. A strong snbojlin^ 
^rioal proeess oramtiniiation of ihe scapula, represeadhig 
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the acromioD^ beads mwards to meet its fellow at tb& 
middle line. TW coracoid oo&tHkiiai disliaoH ^om tiMt 
scapula, expaad^ and becomas flaMeaed al ils* modiaiir 
eztnamity, whMb does* ilot nieeft it» felloffr cr aiflieulate 
with the sternum. The ihac bones, 62, are vertical and 
oolumnar, like tbe scapula, but are shorter and more com- 
praaad : tliA7 artioolate^. b«( do not ooakade,! witii tbe 
p«l»i) aadr i$e1iiiiiDf 68L The acolabiiliiim isi f&mad 
eonftigtioiis pairta of all tke- tlurW'boiiQai,. Tfaa pvim 
arches inwards, and expands to joiiti its Ibllow at the nae- 
diau symphysis asd the ischium posteriorly. It aeadst 
outwardft anddowinwda aloog^ thwk, obfa iaopr o ta i horn 
it» OBterioii gaargiiB. Th» IsoImh ia. HkB'BiaiiBair^ e^cpatub 
wliera tihey unite together to prolong the symphysis back- 
wards'. 

In the akiiUi the parietal crista is continued into the 
oceipilal ana without being oEstended over the ImifmniL 
tomudj as in tiie tartis; the fineia covering the ntunalasL 
masses in these fossce undergoing no ossification. The 
bony hoop for the mernbrana tympani is incomplete 
behind, and the cohimelliform stapes passes throogh » 
ineMd of a fbminen to attain the tympaui o mm^ 
bE«ne4 The raaefoid is excavated to Ibm a tympamo air- 
oell. In the Australian ^long-necked terrapcne {hi/draspi» 
hngtcoUw) the head is much depressed, the mastoids are- 

. eKcavated by large tympanic cells, and prolcmged backi- 
iPfoda^ tefimtal ia piodoead. forwards as fiur afrtfaeiaw-. 
tanov ttosfvilv. whe«a it-tennkiatoa in m poial* between tfier 
two nasals, which are hero distinct from the prefrontalft. 
The margins of the upper and lower jaws are trenchant: 
the hy papophysis of the atlas has the lbrm.of a diminutive 

^i»ed|^bmB, forming as nmL the Ivweo past of tbe 9^ 
onht.«i4i.iMr thaaodpitaleondjie: liiatsidtof* te<bod^ 
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of the atlas, or "odontoid," has coalesced with its proper 
neural arch, whioh develops two transverse and two long 
poeterior oblique proceaaes, as in the chelys. 

In ihe tme or land tortoises the temporal depressions 
are exposed, as in the box-tortoises and fresh-water ter- 
rapenes: the head is j)ro})ortionally small, and can be 
withdrawn beneath the protective roof of the carapace. 
Thesknll is rounder and less depressed than in the terra* 
penes: the frontals entef into the formation of the orbital 
border. The tympanic hooj) is notched behind, but the 
columelliform sta|)es ])asses through a small foramen. The 
palatine processes of the mamillaries arc on a plane much 
below that of the oontinuaAion of the basis eranii, formed 
by ihe vomer and palatines. In most of the chelonia, the 
nasal bone is connate with the prefrontal ; and, in all, the 
tympanic pedicle is firmly wedged between the broad 
appendage of the maxillary arch, formed by the malar, 
26, and squamosal, 27, in fronts and the mastoid, 8, behind. 
The broad-headed terrapene {podocnemys expansa) difSsra 
from other fresh-water tortoises, and a|i|)roaches the ma- 
rine tortoises (turtles), by the vaulted bony roof arching 
over the temporal depressions. This roof is chiefly formed 
by the 4)arietals, but differs from that in the turtles in 
being completed laterally by a larger proportion of the 
squamosal than of the postfrontal, which does not exceed 
its relative size in other terrapenes. The present species 
further differs from the marine turtles in the nonossifiea- 
tkm of the vomer, and the consequent absenoe of a septum 
in tBe posterior nostrils; in the greater breadth of the 
pterygoids, which send out a compressed rounded process 
into the temporal depressions : the orbits also are much 
smaller, and are bounded behind by orbital processA of 
the postfrontal and malar bones: the mastoids and paroo- 
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oipitals are more produced backwards, and the entire skull 
is more depressed than in the turtles. 

The ordinaiy position of the scapnlar extremity ia a 
state of extreme pronation, as shown in Fig. 20, with the 
olecranon, or top of 64, thrown forwards and outwards, 
and the radial side of the hand, or thumb, t, directed to 
the ground. The Immcrus, 53, is strongly bent in a sig- 
moid form, with the anconal surface convex and directed 
.upwards and outwards: the two tuberosities at the proxi- 
mal end are much developed and bent towards the palmar 
'aspect, bounding a deep and wide groove : that which 
' answers to the external tuberosity is the smsUest^ and by 
'the rotation of the humerus it becomes the most intemid 
in position. The proximal row of the carpus consists of 
four bones — viz: a large scaphoides, a small lunare, 
wedged into the interspace of the radius and ulna, a large 
cuneiforme, and a small pisiforme. The second row con- 
• sists of five distinct bones, corresponding with the iive 
digits ; those supporting the fourth and fifth answering to 
'the OS unciforme, the remaining three to the trapezium, 
' trapezoides, and magnum. The first and fifth of the digits 
have each one metacarpal and two phalanges ; the rest, 
tV, mV, w, have each a metacarpal and three phalanges. A 
sesamoid bone is placed beneath the metacarpo-phalangeal 
Joint of the three middle digits. 
. In the pelvic extremity, the femur, 65, is sigmoidally 
bent, but in a less degree than the humerus, and is a 
8[horter bone. The patella is ligamentous : the synoyial 
joint between it and thef^mur is distinct from the proper 
capsule of the knee-joint ; the libula, G(), is longer and more 
slender than the tibia, 66; a small "fabella" is articulated 
to its upper end. The proximal row of the tarsus consists 
of two bones^ astragalus and calcaACum, which sometimes 
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l)60oi3ci6 oonflfMmt. frlio stfll row oooSSsts of five f)oiies, 

four of which support the four normal toes, and the fifth, 
a rudiment of the fifth toe without a claw: the fourth and 
Mih of the seoond row of tarsals answer to the os caboides 
of higW ammals; tbe other three bones to the tlnreeoiM 
Cimeifi>nnia. The astragalar of the single proximal 
bone would seem to include the scaphoid as well as the 
oalcaneum. 

In the marine chelonia, the digits of both Umbd aref 
^ongated, flattened, and united by a web ; the hands and 

feet having the form of fins. 

In all the chelonia, the long bones of the limbs are solid, 
without medullary cavities. 



From the massive frame of the oold-blooded, heavy, 
and proverbially slow tortoise, to the light, hot-blooded, 

flying bird, the transition seems to be abrupt, and the 
discrepancy between creatures so differently endowed ex- 
treme ; nevertheless, at the confines of the feathered class, 
we find some aquatic species, such as the penguin, in- 
capable of flight, having the wings modified to act as fins, 
and much resembling those of the turtle ; with the bones 
solid, and the feathers resembling scales. All birds, like 
tortoises, lay eggs, are devoid of teeth, and have their 
jaws sheathed with horn, and forming a bill or beak. 
Host biid^ however, enjoy the faculty of flight. 

If the student of comparative osteology will procure 
the skull of a rook, a hawk, a swan, or a sea-gull, and 
vertically bisect it, he will have a ready instance illus- 
trative of some of the charactwiBtics of the ostedogy of 
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the feathwed class. Such a section will show the ivory- 
like whiteness and compactness of the osseous tissue, and 
the loose, open, cancellous structure of the bones. He 
will aee that air is admitted into these cancelli partly from 
the nasal passages, and partly from the tympanic cavity 
which receives it from the Eustachian tube; from the latter 
source, the proper bones of the cranium receive their air. 
3ome of the characteristic features in the composition of 
fJie dcull of bir4s may ^Uso be noticed: as, for ex^mpl^ 
ik^ obliteration of all the ordinary sntures of the daniumi 
except those which unite the tympanic bone, 28, to the 
mastoid, 8 ; and that which unites the pterygoid, 23, to 
the basispbenoid, 5 ; which sutares are speedily obliterated 
in th^ human sniyact The premaxilhiry is oonfluenib 
with the nasal and with the maxillary ; the nasal beiiig t 
confluent with the frontal and the maxillary with the 
jugal. The jugal and squamosal are also confluent, and 
form a long zygomatic style in all birds, connected at the. 
hinder extr^ity by a movable glenoid joint tQ the 
outer and lower part of the tympanic. The pterygoid 
articulates, in like manner, with the inner and lower part 
pf the tympanic, t^e movements of which are thus com- 
municated to the upper mandible, sO far as the junctioQi 
fif the nasal with Ijie frontal admits a{ such independenfe 
motion. The upper jaw, or mandible, whieh inoltides the 
vomer and nasals with the maxillary arch and appendages, 
is movable in a bird through the junction of the nasala 
aad nasal branch of the premaxillary with the frontal, by 
means of a movable articulation, or by elastic plates. 

If the student will next separate one of the Vertebree 
of the trunk from the rest, and cut out that portion of the 
loiig and broad breast-bone to which its pair of ribs are 
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attached, he will have a segment of the skeleton, answer- 
ing to that figured in Fig. 5, p. 28. - 
The cut fiurfieices will demonstrate the light oeMnlosity 

of the divided bones. The following letters indicate the 
elements of such modified vertebrie of the thonix : y, cen- 
trum, with its hyapophjsis; jp, parapophysis; diapo- 
physis ; fi, neural arch and rudimental spine ; pl^ pleura- 
pophysis ; /i, haemapophysis ; hs^ h»mal spine. The tend- 
ency of individual elements and bones to coalesce in birds 
has already been illustrated in the cranium; it is shown, 
in most birds of fiight, not only by the confluence of the 
centrum with the neural arch, but by that of several con- 
secutive centrums and arches into a single bone, in the 
ample chest. In like manner the hagmal spines, which 
I coatittue distinct in many vertebrata, have here coalesced 
into a angle bone, which articulates on each side with 
the luemapophyses of several vertebrss. These ooaksoed 
spines are also much developed in breadth, and send 
down, from the middle of their under surface, a longi- 
tudinal crest or keel. This modi£cation relates to the 
extension of the surface for the origin of the great mus- 
cles of flight, and renders the " sternum," as the coalesced 
series of h»mal spines is called, one of the' most charao- 
teristic parts of the skeleton of the bird. Ossification 
extends from the neural arches into the tendons of the 
vertebral muscles, and such bone-tendons, both here and 
in other parts of the body, as the legs, are also character- 
istic of birds. The scapula (Fig. 24), 51, is long and 
slender, as in the chelonia, but is more compressed and 
sabre-shaped. The coracoid, 52, as a general rule, is a 
distinct bone, movably articulated to the scapula at one 
end and to the sternum at the other. Its broad stomal 
end here articulates by a kind of gomphosis with a deep 
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Fig. 24. 
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groove on the fore part of the Btemum. The elavicle 
58, articulates with the ooraeoid above, bat is confluent 

with its fellow and with the keel of the sternum below. 
The iliac bones, 62, are remarkable for their length, and 
for the number of the vertebm, or the great extent of the 
confluent spinal colnmn, to which they are anehjloaed. 
They reach in the swan, and in most other birds, from 
the tail forwards to the vertebras with movable ribs. 
Thus the artificial characters of a "lumbar vertebra" are 
wanting. The pubis and ischium on each side have 
coalesced with the ilium to form the lower boundary of 
the widely-perforated acetabulum. The pubis is long and 
slender, joins the ischium of its own side near its lower 
extremity, but does not join its fellow ; thus the foramen 
ovale is defined, but there is no symphysis pubis: the 
absence of this symphysis &cilitates the expulsion of the 
large ovum with its unyielding calcareous shell. The 
ischium coalesces posteriorly with the ilium, and converts 
the ischiadic notch into a foramen. The caudal vertebras, 
Oif are few in number, with broad transverse processes 
formed by confluent pleurapophyses, the limits of which 
may still be traced. A hsemapuphysis is articulated to 
the lower interspace, between the fourth and fifth caudal, 
and is anchylosed to the sixth. The humerus of some of 
the lai^r birds of flight — f. g. the pelican or adjutant 
crane — ^is remarkable for its lightness, as compared with 
its bulk and seeming solidity ; it is, in &ct, a mere sheXl 
of compact osseous tissue. The orifice admitting air to 
its large cavity is beneath the great tuberosity at the 
proximal end. 

The keel is excavated, not only for the reception of an 
air-cell, but likewise for a fold of the windpipe, which 
fold expands with age, and lies horizontally in the sub- 
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stance of the back part of the sternum. Small pneumatio 
foramina are situated at the anterior and inner surface of 
the bone, and perforate the arliciilar surfiu^efl for the star* 
nal ribs. 

Id the skeleton of the wild swan {Cygnus ferus) (Fig. 
24), here selected as au illustration of the ornithic modi- 
fication of the vertebrate ^pe, there are not fewer than 
tweafy-eiglit TerlebrsB, cbd, between tiie skull and tbe 
sacmtn, the last six of wHcfa, d d, support movable ribs; 
of these, the first and second pairs are free; the next four 
are articulated to the sternum by bony haemapophyses ; 
the last five purs of ribs are attached to the sacrum, and 
also to the stamnm; but the tenth, or last rib on the UH 
mde, is very radioiehtaYy, being only about one inch ift 
length. There are eight caudal vertebra3, Cd. The trachea, 
or windpipe, penetrates the sternum, and bends and winds 
in the interior of the bone before returning to enter the 
chest. The apex of the fnrcolum, 68, bends upwardsi 
And forms a hoop over the -windpipe as it enters into the 
keel of the breast-bone. The furculum, sometimes called 
"merrythought," consists of the two clavicles confluent 
at their lower free ends. If a portion of the one side of 
the sterioinm be removed, the tortuous trachea which it 
inelosios will be exposed. To the great length and peeu* 
- liar course of the windpipe in this Species is to be attri- 
buted its remarkably loud and harsh voice ; whence the 
name hooper, or whistling swan, has been derived; and 
IB applied in contradistinction to the domestic or muta 
swan, in which, as in most other birds, the trachea pro- 
ceeds at once to the lungs, without entering the sternum. 
In the female of the wild species, the course of the tra- 
chea is much more limited than in the male, seldom 
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penetrating the stcraum to a greatei exient than firam 
three to four inches. 

The breadth of the dtemuin) and the airong ridge or 
keel that descends from the midline of its under aoifroe^ 
relate to the inereaaed enteiit of surheo iw}iibed for the 
attachment of the pectoral" muscles, wliich are the ac- 
tive organs of Eight. In the land-birds deyoid of the 
power of flight, such m the ostrich Md apterjx, the toal 

tions, processes, ncteheB, aad p^glmAm Midsr i^Aivrjr 

characteristic boue in birds. 

In no pid^r^ fi;Hinded upon modifications of the feet, i& 
the sternuzB mim diveraifled in character than in tho 
pftliBifwdea or web*loofted ofder; in worn a«i iib» 
povremof flight enjoyed in aneli ^Uiferent degrees, er es* 
ercised in such various ways, from the frigate-bird down 
to the penguins, where the power of flight is abrogate^ 
and the rudimental wings used as fins* 

In die goose and dnok tribes, as well as the m*m 
(ofiasrss, Linn.), the sternum is long and broad, and preseata 
two moderately wide and deep hind notches; the costal 
processes arc usually subquadrate ; the coracoid grooves 
«re continued into one another at the median line ; th^ 
costal tnM^ fimns About half of the lateral nuotgin in the 
dttoks and geese, and two-thirds or more in the swans; 
the interpectoral ridge extends from the prominent part 
of the cocacoid margin backwards, nearly parallel to thft 
lateral margin, to the inner side of the lateral grooTSs; 
the bofik part of the sternum between the groores iaquai* 
rate, with the angles slightly produced in most; there is 
a short manubrial process below the coracoid groove. 
The form of the sternum, its long keel, and the backward 
production of the long and slender ribs, give a boatlike 
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fioriire to the trunk of these swimmings-birds, which is 
well adapted to their favorite medium and mode of loco- 
xiidtion. The bones of the wing or anterior extremity do 
not present that extraordinary development which might 
be expected from the powers of the member of which 
they form the basis. The great expanse of the wing is 
gained at the expense of the epidermoid system (quills 
and feathers, like hairii and seales, are thickened epidemn)^ 
and is not exdnsiVely produced bj Mds of the skin re» 
quiring elongated bones to support them, as in the flying- 
fish, flying-lizards, and bats. The wing-bones of birds 
are, however, both in their forms and modes of articula- 
tion, highly, charactaristic of tlie powers and applications 
of the moacolar apparatus reqmdte for the dn» actions 
of flight. The bones of the shoulder consist on each side 
of a scapula, 61, a coracoid, 52, and a clavicle, 58, the 
clavicles being, as a general rule in birds, confluent at 
their median ends, and so forming a single bone called 
^^foronlum," or <<oefizrcatorium;'' this farther modification 
of the haemal arch in birds, repeating that of the pubis 
and lower jaw in some other animals, having occasioned 
an additional specific term in omithotomy. The scapulai 
51, is a long, narrow, flat sabre-shaped plate, expanded at 
the humeral end, where it forms externally part of the 
joint for the arm-bone called "glenoid cavity," and ex- 
tended backwards nearly parallel with the vertebrae, as 
far as the ilium, 62, in the swan, and reaching to the last 
rib in the swift; but it is much shorter in the birds in« 
capable of flight.: The coracoid is the strongest -of the 
bones of the scapular arch : it forms the anterior half of 
the glenoid cavity, extends above this part to abut upon 
, the furculum, and is continued downwards below the 
joint) expanding, to be fixed in the tronsyerse groove at 
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Iha ion part of tiia otomum ; it thus forms tlie chiaf 
mxfipori of tlie mug, and the main point of reaiatanoe 
during its downward stroke. In the hawks and oftiher 

birds of prey, and in the crows and most passerine birds, 
a small bone (os humero-capsulare) extends between the 
scapola and coracoid along the upper part of the glenoid 
aayjty; this is absent in the ssMin ai^ other swimmfln^ 
as well as in IIm gafitnaoeoos and wading birds. The 
humcriis, 53, is usually a long and slender bone, but is 
not always developed in length in proportion to the pow- 
iBS of flight; lor, although it is shortest in the stmthious 
hinds and {Maguias, it is also very shorty but mnohthidBsr 
sad Bla^nger m the swift and hummijsg birds. 'Fhe bead 
of the humerus is transversely oblong and convex ; it is 
further enlarged bj two lateral crests; of these the supe-^ 
rior is the longeal^ and is bent outwaida; the ialenor is 
thiekened and inourved, and beneath it is oituatsd tihe 
orifioe by whioh the air penetrates the cavity of the bone. 
The articular surface at the opposite or "distal" end is 
divided into two parts, one internal, for the uhia, of a 
hamiq^hdiie Icsrm, the other also oonTSZ, but more doa^ 
fited and oUique, eistending some way npdn the anterior 
surface of the humerus. The extremity of a long bone of 
a limb which is next the trunk is called the "proximal" 
one; the extrensuty farthest from the trunk, the "distal'* 
one; they are not always ^ upper" and lower.'' The 
nlna, 55, glides upon the inner hemispheric tubendfi, upon 
the trodilear canal, and on the back part of the outer con- 
vexity. A ligament, extending from the outer part of 
the head of the radius to the outer part of the olecranon, 
shore the po^^erior margin of the outer division of the 
articular sur&ee of the ulna, plays upon the back part of 
the radial oonvexity of the humerus and completes the 
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cavity receiving it. The ulna is always stronger than the 
radius; but both are long, aleader, and nearlj straight 
hauMf 80 articulated together as to admit of Bcaroefy mj 
loMum wfaieh adds to the rousting power of the wing 
in the action of flight. The upper part of the ulna, or 
"olecranon," is short. In the tendon attached to it, a 
separate ossicle is developed in the swift, and two such 
bones in the penguin. The ulna is often impressed by 
tiie inserHoBS of the greal quill-feathers of the wing. 

The bones of the hand are very long and narrow, with * 
the exception of the two distinct or unauchylosed carpal 
bones; these are so wedged in between the a^tibractium, 
54^ 56, and the metaoarpus, 57, as to limit the motions of. 
the luuftd to abduetioQ and addootioni or those neoessary 
for folding up and spreading out the wing. The hand is 
thus fixed in a state of pronation; all power of flexion, 
extension, and rotation is removed from the wrist-joint ; 
so that the wing strikes firmly, and with the full force of 
the depressed musdes^ upon the resisting air.- The part 
of the hand numbered 57 in Fig. 24 includes the meta- 
carpal bones of the digits answering to the second, third, 
and fourth of the peutadactyle members, which are con- 
fluent at their proximal ends widi each other, and with 
the ''os magnum," oae of the carpal bones, now fuming 
the eonyex base of the middle metacarpal. This meta- 
carpal, and that answering to the " fourth" digit, are of 
equal length, and are also confluent at their distal ends j 
but the middle or " third" metacarpal is much the strong- 
est That answering to the **seoond" dagit» ti^ is tery 
shorty and' like a mere prooess firom the third ; it supports 
two short phalanges in the swan. The third metacarpal 
supports three phalanges, iUf the fourth a single phalanx, 
m AUtheaaare wisfllpedupinasheathof int^^umenti 
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and are strongly bound tx)getlicr ; so that the wing loses 
nothing of its power, whilst so much of the typical struc- 
ture of the member is retained, that every boae can be 
referred to its oorresponding bone in the most eomplelelj 
developed hand. 

In ornithology, the large quill-feathers that are attached 
to the ulnar side of the hand are termed " primariae," or 
primary feathers ; those that are attached to the forearm 
are the *^8ecandari»," or aeoondaries, and "tecirioes," or 
wing-coyerts ; those which lie over the hnroeras are called 
" scapularia3," or scapularies; and those which are attached 
to the short outer digit, n, erroneously called the "thumb," 
are the " spuri»/' or bastard feathers. The bones of the 
leg do not present the same number of s^psients as tihose 
of the wing, that cbrresponding with the carpus being 
wholly blended with the one tliat succeeds. 

The pelvic bones offer this contrast with those of the 
shoulder, that thej are always anchylosed on either side- 
into one piece, ''os innominatum,'' and not at the median 
line, whilst this is the only place where the elements of 
the scapular apparatus are united by bone. In the young 
bird, the os innominatum is composed of three bones. 
The ilium, 62, is flattened, elongated, usually andhylosed 
to a very long sacrum ; it forms the uj^per half of the 
joint for the thigh-bone, called ** cotyloid cavity." The 
pubis, 64, is very long and slender; it does not meet its 
fellow at the middle line in any bird save the ostrich, but 
is directed backwards, with its free extremity bent down-' 
wards. The pelvis of the ostrich is so vast, that &e pubic 
junction completing it does not impede the exit of the 
egg; in other birds the open pelvis facilitates the passage 
of that large and brittle generative product. The ischium, 
63, is a simple elongated bone, exlending firom the cotj- 
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loid cavity backwards, parallel with the ilium ; it some- 
times coalesces, as in the s^ao, .wi.th, bgth the iliuxa aod 
pubocr at its distal end. 

The cotyloid cavity is incomplete behind, and is dosiid 
there by ligament. The femur, 65, is a short, cylindrical, 
almost straight bone ; the head is a small hemisphere, 
pre^^ting at its upper part a depression for the roui^ 

: ligam^t'' The^sii^le large. tXQi(shiukte^\^ naw 
above. ihe articnlar eminencei and is oontjiiiiious with tbe 
outer side of the shaft. The orifice for the admission of 

. air is situated in the depression between the trochanter 
aind head. The dialial pnd presents two condyles, the 
iniier ooa £pr inner coa4ylcnd.c^ the 

'outsnr one for. the. outer cavity of Ae til^ia and for the 

. fibula ; the outer condyle is produced into a semicircular 
ridge, whicli passes between the tibia and fibula; this 
ridge puts the wOUt^r.elast|iQ ligament on the stretch, when 
the fi^bula is piynu^; oyeac; the cpudjle, i^nd the fi^la is 
pulled; into a .groove-at;the» biil^^of Ifhe condyle, with a 
jerk, when in extreme flexion; this spring-joint is well 

. exemplified in both the swan and water-hen. 

The prQximal end of the tibiia is divided into the t^o 

. aballpw condyloid cavities, aboye.nqticed: ijwo ridgef Mspe 
bxtended from its upper and anterior, sor&oe: the 
strongest of these is the " procnemial" ridge, and is 
slightly bent outwards ; the shorter one on the outside of 

, Ifhis is.the " ec^tocQi^lal^' ridge; they are nsfially unit^ 
above, by. a tiansveiae ridge, called epf^Demial", ridge ; 
this is developed into a long process in the divers, grebes, 
and guilleniuls : a fibular ridge projects slightly from the 

■ upper third of the tibia for junction with the fibula. The 

, distal end of the tibia forms a transverse pulley or troch- 

. tei^ with t^ie a^t^Tio(f >>^^ , Ab9ye.thej¥»e 

13 
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part of the trochlea is a deep depression, and in mm 
birds an osseous bridge extends across it. ' 

The third segment of the leg, 69, is a compound bone 
consisting originally of one proximal piece, short and 
broad, presenting two articular concavities to tbe two tbid 
and round borders of the tibial trochlea, of three meta 
tarsals which coalesce with each other and with the abor 
tarsal piece, and of one or more bony processes which arc 
ossified from the back part of the proximal piece, or froc 
the proximal ends of the metatarsals, and which, fm 
their relations to the extensor tendons, are called 
caneal" processes. In most birds, a small radimenti 
metatarsal, supporting the innermost toe, or "ballox,"! 
is articulated by ligament with the innermost of- 
coalesced metatarsals, and is properly included in il 
same segment of the limb. The three principal luetatai 
sals are interlocked together before they become ancbj- 
losed, the middle one being wedged into the back parte: 
' the interspace of the two lateral ones above^ and into Ik 
fore part below, passing obliquely between tbem. Tk 
period at which these several constituents of the " tarstv 
metatarse" coalesce is shorter in the birds that can fl^ 
than in those that cannot ; and the extent of the coales- 
cence is least in the penguins, in which the true nature o; 
the compound bone is best seen. 

The modifications of the tarso-metatarse are cbieflt 
manifested in its rdatiire length and thickness, in tite 
relative length of the three metatarsals, and in the number 
• and complexity of the calcaneal processes. 

The inner of the two cavities for the condyles at th? 
proximal end of the bone is the "entocondyloid" cavity 
or surface, the outer one the "ectocondyloid" surface; thcj 
are separated by an interoondyloid" tract, from the for^ 
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part of which there usually rises an intercondyloid tuber- 
osity. The entocondyloid cavity is usually the largest 
and deepest: it is-so in the raven, in whioh the base of the 
interoond jloid tube]i:cle extends over the whole of the in- 
tercondyloid space. There are three calcaneal processes : 
one, called the "entocalcaneal/' projects from below the 
entocondyloid cavity, and irom the back part of the upper 
end of the entometatarae ; a second, called the "mesocal- 
caneal," from the intcroondyloid tract and the mesometa- 
tarse, and the third called " ectocalcaneal," from behind 
the ectocondyloid cavity and the ectometatarse. These 
three processes arc united together by two transverse 
plates droomscnribing fonr canals, two smaller canals being 
farther carried between the ento and meso-calcaneal pro- 
cesses. The primitive interosseous spaces are indicated 
by two small foramina at the upper and back part of the 
shaft, which converge as they pass forward, and terminate 
bj a single foramen at the fourth part of the anterior con- 
cavity. A similar minute canal is retained between the 
outer and middle metatarsals, near their distal ends; each 
metatarsal then becomes distinct, and develops a convex 
condyle for the proximal phalanx. The middle one is 
the largest, and extends a little lower than the otiier two: 
it is also impressed by a median groove ; the more com- 
pressed lateral condyles are simply convex, and are of 
equal length, A rough surface, a little way above the 
inner eondyle, indicates the place of attachment of the 
small metatarsal of the hallux. 

In the swan and other anserine birds the calcaneal 
promiueuce presents four longitudinal ridges, divided by., 
three open grooves, the innermost ridge being the largest; 
the shaft is subquadrate, with the angles rounded, and 
none of the sur&ces are channelled. The inner ooncbjrle 
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nearcely extends before' tBe* baiie of tliis'inid^ one; tBe 
canal perforating the outer intercondyloid space is 
bounded below by two small bars passing from the mid- 
dle to the outer condyle, and which bars define the groove 
for the abductor muscle of the outer toe. 

The tarso-metatarse of the diver {cdtymlms)^ rbmark- 
abljT modified by ito extxeme latertil ootepMsioii. The 
eiito and eebHsaleanea ate 'pioUinieiit^ oblong, stibc[iiitf^ 
dnt^ pUkle^ incfiwiig' towkrdB ea»6h otW, bal ntdt qtiite' 
circumscribing a wide intermediate space. The brbaid ' 
outer and inner surfaces of the shaft are nearly flat; the * 
narrow fore and back surfaces are channelled; the ante- 
rior groove leads to the wide canal, perforating obliquely 
the shaft above tbe otiter intercondyloid space, ftom 
wbiek a narioir^ cai^ ocHidQets to that intehqpbee. The 
middle aitd'ontor ti^hle» are' nearly equally deyeloped ; 
the inner one stops short at the base of the middle one. 

The number of toes varies in different birds ; if the spur 
of the cock be regarded as a rudimental toe (which is not, 
however, my view of it), it may be held to have five toes, 
while in the ostrich the toes are reduced to two. Birds, 
mtawvetf are' the only dass of animals in whidi ihd' 
toes,' yrihsi/bbym be theb* numb^ or' relative' aiae, always 
diflbr ftbm one linother' iti the n'uteber <^ thieSr joints or' 
phalanges, yet at the same time present a constancy in 
that variation. 

The innermost or back toe, i (i'ig. 24), answering, as I 
believe, to the "hallux," or innermost digit of the pen- 
tadaclyle foot, has two phalanges; the second toe, has 
three, the third toe, ni, four, and the fourth toe, tV, five 
phalanges. I believe the toe answering to the fifth in 
lizards and other pentadactylc animals to be wanting in 
the bird's foot j and the spur, sometimes single, sometimes 
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double, as in Pavdhicalcaratus^ to be a superadded weapon 
to tbe metatarse. As the toes in the tridactyle emeu, 
cassowary, and bustard, have respectively three phalanges, 
fi>ur phalanges, and five phalanges, W6 recognize thom as 
answering to the second, third, and fourth in other birds; 
the toes in the didactyle ostrich have respectively four 
and five phalanges, and what is here truly suggestive, the 
outermost, which is much the smallest and shortest toe, 
has the greater number of joints, viz : fiye^ thus retaining 
its ornithic type, as the fourth, or outermost^ toe. 

The entire form of the body, and consequently that of 
its bony framework, in a bird, has special reference to 
the power of fiight. The trunk is an oval with the large 
end forwards. The yertebral column of this part is short 
and almost inflexible, so that the muscles act to great ad- 
vantage ; the spine of the neck being long and flexible, 
the centre of gravity is readily changed from above the 
feet — as when standing or walking — ^to between and be- 
neath the wings during flight; when suspended in the air 
the bird's body naturally falls into that position, which 
throws tlie centre of gravity beneath the wings. The axis 
of motion being situated in a different place in the line of 
the body when walking from that which is used when flyings 
the discrepancy requires to be compensated by some means 
in all birds, in order to enable them to perform flight 
with ease. Eaptorial birds take a horizontal position 
when suspended in the air, and the compensating power 
consists in their taking a more or less erect position when 
attest Another dass, including the woodpeckers, wag- 
tails, ko..^ take an oblique position in the air ; with these, 
the compensating power consists in their cleaving and 
passing through the air at an angle coincident with the 
position of the body, and performing flight by peri^ of 

18* 
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very extended flight ; they take a very oblique j>08ition 
in the air, stretch out their legs behind and their neck in 
front ; they have the ribs greatly lengthened, the integu- 
ments of the abdomen are long and flexible, which enabled 
them greatly to enlarge the abdominal' portion of their 
bocBes- bjr iafiatmjg it' with air ; ibis canses a deorease in 
tEe spdoifHo iatvftj of tbat j^afrtj abd nusidB H ibii hciA' 
MM pbfdtioQ; t!bb ibib^ensaling poinrer oonsiais 'in' 
posterior half of the body becoming specifically lighter/ 
while the specific gravity of the anterior half remains un- 
altered. When they alight they drop the legs, throw back 
tbe trunk by bending the knee-joint, and bring the head 
over tbe trunk by a gracdful sigmoid curve of the lon^ 
tteck, as in tig, 24. Tbe act df iwiinmiiig is teadend 
easy by the specific gravity 6f "flie^ b6d7, by ib6 boatlik^ 
shape 6f Ibe trdn'k, and by tbe oobversion oif the binder 
extremities into oars, in consequence of the membranes 
uniting the toes together. The effect of these web-feet in 
water is further assisted by the toes having their mem- 
branes lying olode together when carried forwards ; whilst, 
on tbe contrary, ibey are exj>andled in striking baokwarda 
9be oaflike' action of t^ei legs is still fbr&er finrored by 
Ibeir backwafd position— -an arrangement) boweTeri wbich 
is unfavorable for walking. ' • • 

Borelli was the first who, by comparison of the ana- 
tomical peculiarities of the human frame and the structure 
of birds, demonstrated, to a certain extent, the impoaai- 
bility of tbe reali^tion of tbe cherished project of flying 
by man. He arrived at this conclusion from a compari- 
son of tbe fotm and sirengtb of ibe mnsoleei of tbe Wings 
of birds with the cofrespoijding iniiscles of |he human 
body, 
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PRtisfcrpAt ^oitsrs of the stkbleton 

THE CLASS MAMMALIA. 

In the class Mammalia, which includes the hairy quad- 
rupeds with the naked apodal whales axid' biped maii|ito 
form of-th^ aiiimal-ifl. modified fcrr it gveat divei^ty of 
kinds and spheres of looombtioi^. SoapdHvB exclnnvely 
ftl the ocean, and cleave the liquid element under the form 
and with the locomotive powers of fishes; some frequent 
the fresh waters ; some pass a siihterraneoilB existence, and- 
#ork their tray throngh the solid 6arth; ilonfe moimt aloft, 
io seek tai& seise Hieir prey in the sfir; eidnib pass fheii* 
lives in trees; most, however, dwell on the earth, with 
various powers of walking, running, and leaping. Lastly,' 
ihan is modified to sustain his frame erect on the hinder, 
how beooxhe in Jiim the lower, Hm 

In the Mammalian class, accordingly, we find the limbs 
progressively endowed with more varied and complicated 
powers. They retain in the Ceiacea (whale and porpoise 
tribe) theit primitiye form of flattened fins; in tibte Uh" 
gulata (hoofed beiffits) one or more of the digits acquire 
the full complement of joints, but have the extremity en- 
veloped in a dense hoof; in the Unguiculata (quadrupeds 
with claws), the limbs, with ampler proportions, have the 
digits liberated, and armed with daws confined to the 
upper sur&oe, leaving the under snrface of the toes free 
for the exercise of touch ; in the mole, the hand is 
shortened, tliickened, expanded, and converted into a 
sort of spade; in the bat^ the fingers are lengthened, 
attenuated, and made outstretchers and supporters of a 
ptdr of ^ngs; in the Quadfumma (ape and mcmkey 
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tiibesX certain digits are endowed with special offices, and 
by a particalar position enabled to oppose the others, so 
as to seize, retain, and grasp. Lastly, in Man, the offices 
of support and locomotion are assigned to a single pair 

of members ; the anterior, and now the upper, limbs being 
left free to execute the various purposes of the will, and 
terminated by a hand, which, in the matchless harmony 
and adjustment of its organization, is made the suitable 
instrument of a rational being. 

In contemplating and comparing the skeletons of a 
series of mammals, the most striking modifications are 
observable in the structure and proportions of the limbs. 

There are a few osteological characters in which all 
mammalia agree, and by which they differ from the lower 
vertebrata ; and some have been supposed to be peculiar 
to them that are not so. The pair of occipital condyles, 
e. developed from the exoccipitals, are a repetition of 
what we saw in the batrachia. The flat .sur&ces of the 
bodies of the trunk^yertebrss were a character of many 
extinct reptiles ; but these surfaces in mammals are de- 
veloped on separate epiphysial plates, which coalesce in 
the course of growth with the rest of the centrum. Mov- 
able ribs, projecting freely (pleurapophyses) in the cervical 
region, may be found in a few exceptional cases (sloths, 
monotremes); bony sternal ribs (h»mapophyses) exist in 
most BdaUata; a coraooid extending, as in birds and 
lizards, from the scapula to the sternum, with an "epi- 
coracoid," as in lizards, is present in the monotremea 
(platypus or duck-mole, and echidna or spiny ant-eater, 
of Australia); the cotyloid cavity may be perforated in 
the same low mammals as in birds ; the digits may have 
the phalanges in varying number in the same hand, and 
exceeding three in the same finger, e. g.^ in the whale 
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tribe. Bat the following osteological characters are both 
common and peculiar to the mammalia. The squamosal, ' 
27, or second bone of the bar oontinued backwards from 
the mazillaiy arch, is not only expanded as uL the ohe- 
Ionia, bat develops the artfculaT snrfiuse for the mandible, 
and this surface is either concave at some part or is flat. 
Each half or ramus of the mandible is ossified from a 
sin^ centre, and <x>nsists of one piece; and the condyle 
18 either convex or is flat, never concave. The presphe- 
noid (centrum of the parietal vertebra) is developed dis- 
tinctly from the basinplienoidj it may become confluent^ 
but is not connate, therewith. 

One known mammal (the three-toed sloth) has more^ ^ 
and one (the manatee, or sea-cow) has less than seven 
vertebrie of the neck. In the rest of the class these 
vertebrae, which have the pleurapophyses short and 
usnally anchyiosed, are seven in number. 

SKELETON IN TUB CETACEA, OR WHALE TRIBE. 

Id the skdeton <xf the whale (Fig. 25^ whSch to out^ 
-wM' appfeaiimoe' seems to' have as little neck as a ffsb, 
tltore? ar^ US tttatiy- cervical vertebrte as in the long-necked 

giraffe: this is a very striking instance of adherence to 
typo within the limits of a class : the adaptation to form 
and f auction is effected by a* change of proportion in the 
bones; the cervical vertebra in the whale are flattened 
from before backwards into broad tliin plates; in the 
giraffe (Fig. 30) they are j^roduccd into long sub- 
cylindrical bones. In the whales, the movements of these • 
vertebras upon one another are abrogated ; and in the- 
grampus and porpoise, the seven r&Mbm m Uedded- 
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together into a single bone; they thus give a firm and 

•unyielding support to the large bead, which has to over- 
come the resistance of the water when the rapid swimmer 
ifl cleaying its coarse through that element. The dorsal 



Fig. 26. 

its 




rOBBSHORTBHBD TIEW OF THE SKELETON OP A WHALE {BctkOMpttra boop§), 

aHOWINO ITS RELATIVE SIZE TO MAH. 

vertebrfie are characterized in all mamnialia by the sudden 
increase in the length and size of the ribs, which, in a 
certain number of these yertebrsd, including the first, are 
joined to a breast-bone by a commonly cartilaginous, 
rarely osseous, part. The first rib is remarkable for its 
great breadth in the whale ; this and a few following ribs 
are joined to a short and broad and often perforated Bter« 
nnm (Fig. 25), No. 60 ; the remaining ribs are free, or, as 
they would be called in Human Anatomy, " felse." They 
are articulated to the ends of diapophyses, which pro- 
gressively increase in length to the last of the dorsal 
series. Then follow vertebrae without ribs, answering to 
those called " lumbar." The whole hinder part of the 
trunk of whales being needed to effect the strokes by 
which they are propelled, its vertebra) are as free from 
anchylosis as in fishes; there is consequently no "sacrum," 
and the caudal yertebrso are counted from the first of 
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those that have "chevron bones" articulated to their 
under part. This special name is given to the vertebral 
elements called " hasmapomophjses" (see Fig. 26, h\ 
which are articulated in cetacea as in crooodilia, directly 
to the nnder snrikoe of the centrum, and, coalescing at 
their opposite ends, develop thence a ** haemal spine," and 
form a "haemal" canal analogous to, but not homologous 
with, that in fishes (cornj^are No. V, h, with No. 1, 7?, in 
Cut 10, p. 182). The caudal vertebri© of wliales further 
differ from those in fishes in retaining the transverse pro- 
cesses, and in becoming flattened from above downwuds, 
without coalescing. These modifications relate to the 
support of a caudal fin, which is extended horizontally 
instead of vertically. 

Whales and porpoises progress by bounding move- 
ments or undulations in a vertical plane, and their neces- 
sity of corning to the surface to inhale the air directly, as 
warm-blooded mammals, calls for a modification in the 
form of the main swinmiing instrument, such as may best 
adapt it to e£feot an easy and rapid ascent of the head. 

The course of the whale is stopped and modified by 
the action of the pectoral limbs, which are the same 
parts as those in fishes, but constructed more after the 
higher vertebrate type. The digital rays do not exceed 
five in number ; but they consist of many flattened pha- 
langes, and are enveloped in a common sheath of integu- 
ment. A radius, 55, and an ulna, .54 (Fig. 25), support 
the carpal series ; but, instead of being directly articulated 
to the scapular arch, they are suspended to a humerus, 
63: this is a short, thick bone, with a rounded head. 
The scapula, 51, is detached from the occiput, has a short, 
stunted, coracoid anchylosed to it, and is thus freely sus- 
pended in the flesh ; it devek^ an acromiid prooess : the 
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Tiltia, 54, is produced upwards into an olecranon. With 
all those marks, however, of adhesion to the mammalian 
type of forearm, the oatward aspect of the limb is as 
simple as is that of the fish's fin ; it' moves, as by one 
joint, upon the trunk, and is restricted to the functions of 

i a pectoral fin. 

In the huge skull of the whale, the broad yertioal oo- 

reiputt may be nQftiQed,.by which the head is .oonneotad, 
through the medium of a short, consolidated neck, with 
the trunk; the whole cranium seems to have been com- 

. pj:efised above, from before backwards, so that the small 
nasal bones, 15, articulating with the short and vecy broad 
frontaLs, form the highest part , of the skulL The long 
maxillaries, 21, and premaxillaries, 22, extend backwards 
and upwards, to articulate with the nasals, and complete 

. with them the bony entry to the. air-passages, situated so 
&vorably -at the summit of the crahinm. The nostrik, 
lormisd by the soft parts guarding that entry, are called 
"blow-holed;** they are double in the whales — single in 
the smaller cetacea. In the whales, the "baleen," or 
" whalebone" plates are attached to .the palatal surface 
of the. masiUary and prettiaxillary bones; the Expanded 

• toothless- mandible supports an enormous under. lip, 
which covers the whalebone plates when the mouth is 

. shut. The skeleton of the great finner whale {BalcB- 
noptera boops)^ from which the fore^horteniBd view (Cut 

. 25) is taken, was. ninety-six-feet in length;; the rj^lative 
dimensions' of man is given by the outlines of theskele* 
ton at its side. No known extinct animal of any class 
equalled this living Leviathan in bulk. 

There are a few whalelike mammals, equally devoid Of 

. mdinients of hinder .limbs, iwhich obtain their snatenanee 

..from Qea-w0fids..or.,9Qa9ide herbnge, .They bUve teelh 
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adapted for bnusing such sutastances, and the moYements 

of the head in grazing require the cervical vertebrsa to be 
unancli jloscd ; these arc, however, short, and in the ma- 
natee but six in number. In the dugong (l^ig. 26), one 
of these herbivorous sea-mammals frequenting the Ma- 
layan and Aostraliaa shores, the upper and lower jaws 
are singularly bent down, and the upper jaw is armed 
with a pair of short tusks. The bones of all these cctacea 
■ are singularly massive and compaet. Three or four of 
the anterior thoracic ribs are joined to a sternum — the 
rest are free. One of the vertebrss intervening between 
the costal and caudal series has connected with it a simple 
pelvic arch, in which the ilium and ischium may be re- 
cognized, and a still more rudimental condition of such 
arch is suspended in the inguinal muscles of the true 
c^tacea. Most of the caudal vertebra (Fig. 26), ed^ of the 



Kg. 26. 




SKKLaTOH OF THS DUQOKO (HcUicore AmtralU), 



manatee and dugong, have long diapophyses, and hoemal 
arches (Fig. 26), h. The terminal vertebr» are flattened 
horizontally. 

The lacteal organs of the dugong are placed on the 

breast, and the pectoral Has, in the female at least, are 
14 
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applied to clasp tbe young; and tlie animal so observed, 

with its own head and that of its young above water, has 
given rise to the fable of the siren and mermaid. The 
bones and joints of the pectoral fin ara^ceordinglj better 
developed tban in the ordinary wbales. The first row of 
carpal bones, 56, consists of two— one articulated to the 
radius, 65, the other to the ulna, 54, and fifth digit, 57, v, 
and both to the single bone representing the second row. 
The first digit, consists of a short metacarpal ; the me- 
tacarpals of the others support each three phalanges. 



SK£L£ION OF TH£ SEAL. 

In the seal tribe (Pkocidoe), another and well-marked 

stage is gained in the development of the terrestrial in- 
struments of locomotion. Hind limbs arc now added — 
the marine mammal has become a quadruped. The 
sphere of life of the seals is near the shores; they often 
come on land; they sleep and bring forth among the 
rocks and littoral caves : hence the necessity for a better 
development of the pectoral limbs, although these, like 
the pelvic ones, still retain the general form of fins. The 
fish-hunting seals make more use of the head in inde- 
pendent movements of sudden extension, retraction, and 
quick turns to the right and left, than do the cetacea of 
like diet ; and the walrus (Fig. 27) works the head, as the 
place of attachment of its long, vertical, down-growing 
tusks, in various movements required in dimbing over 
floes and bergs of ice. Accordingly, in the seal tribe, we 
find the seven neck-vertebrre {ib.) c, longer, and with more 
finished and free-playing joints than in the whales and 
dugongs. The sigmoid curve, in which they can be 
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thrown during retraction of the head, exceeds that in most 
other Tnainrnalfl^ and almost reminds one of the extent of 
flexion of this part of the spine in birds. 



Fig. 27. 




■nuTOH or nn WAUtva {IVitheetu rotmtmm). 



In the walrus, the skeleton of which is here selected to 
exemplify the phooal modification of the mammalian skele- 
ton, the vertebral formula is: 7 cervical, C, 11 dorsal, D, 
5 lumbar, L, 3 sacral, S, and 9 caudal, cd. As, in conse- 
quence of the presence of liind-limbs, a sacrum is now 
established, the characters of the above five kinds of 
bodj-YertebrsQ, as defined in man and other mammals, 
.may here be giyen: the cervical or neck-yertebrse '*haye 
peiforated transrerse processes," the dorsal yertebre 
"bear ribs;" the lumbar vertebr© "haye imperforate 
transverse processes and no ribs;" the sacral vertebrae 
"are ancliyloscd together;" the rest are caudal vertebrie, 
whatever their modilications. In tlie above characters, 
the term "rib" is given to the vertebral element called 
"plenrapophysisi*' when this is long and movable; that 
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element may be, and often is, present^ bat short and fixed, 
in both cervical, lambar, sacral, and candal vertebwe; in 

some mammals, e. g. monotremes, the plenrapophysis may 
remain unanchylosed in some of the neck-vertebrae, but 
it is short, like a transverse process; and the so-called 
'^perforated transverse process" in all mammals consists 
of the diapophysis, parapophysis, and plenrapophysis; 
the hole being the interval between those parts; in the 
lumbar vertebra3 the pleurapopliysis is short, and con- 
fluent or connate with the diapophysis. 

Betuming to the skeleton of the walrus, we find that 
nine pairs of ribs directly join the sternum, which con- 
sists of eight bones. The transverse processes of the last 
cervical are imperforate, consisting of the diapophysis 
only. The neural arches of the middle dorsal vertebrsa 
are without spines and very narrow, leaving yride unpro- 
tected intervals of the neural canal. The bones of the 
neck arc modified to allow of great extent and freedom 
of inflection. The perforated transverse processes of the 
third to the sixth cervicals inclusive are remarkable for 
the distinctness of their constituent parts. Inferior ridges 
and tuberous processes, called ** hypapophyses," are de- 
veloped from some dorsal and lumbar vertcbni). These 
processes indicate the great development of the anterior 
vertebral muscles, e.^. the "longi colli" and "pso»," and 
relate to the important share which the vertebra and 
muscles of the trunk take in the locomotion of the sea- 
tribe, especially when on dry land, where they may be 
called "gastropods," in respect of their ])eculiar mode of 
progression. The walrus alone seems to have the power 
of supporting itself on the fore fins, so as to raise the 
belly from the ground. There is no trace of clavicle in 
any seal. The upper part of the scapula exceeds the 
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lower one in breadth. The spine terminates by a short 
and simple acromion. The hmnems is short and ihiok, 
and is remarkable for the great development of the inner 
toberofiity and of the deltoid ridge, which is deeply ex- 
cavated on its outer side. The inner condyle is per- 
forated. The scaphoid and lunar bones are connate. 
Although the pollex or the first digit exceeds the third, 
fourth, and £fth in length, it presents its characteristic 
inferior nnmber of phalanges, by which the fiK>nt border 
of the fin is rendered more resisting. The pelvic arch is 
remarkable for the stunted development of the ilia, and 
the great length of the ischia and pubes. The femur is 
equally peculiar for its shortness and breadth. The tibia 
and fibula present the more usual proportions, and are 
anchylosed .at their proximal ends. The bones of the 
foot are strong, long, and are modified to form the basis 
of a large and powerful fin: the middle toe is the shortest, 
and the rest increase in length to the margins of the foot; 
the inner toe has, nevertheless, but two phalanges, the 
rest having three phalanges, whatever their length; and 
this is the typical character, both as to the number of the 
digits and their joints, in both fore and hind feet of the 
mammalia. 

In the living walrus and seal, the digits of each ex- 
tremity are not only bound together by a common broad 
web of skin, but those of the hind-limbs are closely con- 
nected with the short tail: being stretched out back- 

■wards, they seem to form with it one great horizontal 
caudal fin, and they constitute the chief locomotive organ 
when the animal is swimming rapidly in the open sea. 
The long bones of seals, like those of whales, are solid. 

With regard to the skull in the seal-tribe, it may be 
remarked that an occipitosphenoidal bone is formed, as 

14* 
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in man, by the coalesoence of the basioocipital with the 
basisphenoid; the parts of the dura mater or oater mem* 
brane of the brain, oalled ''tentorium," with the posterior 
part of the " Mx,^ are ossified. The sella turcica is shal- 
low, but well defined buliiiid by the overhanging poste- 
rior clinoid processes: the petrosal shows a deep, trans- 
verse, cerebellar fossa, and is perforated by the carotid 
canaL The frontal forms a small rhinencephalic fossa^ 
and contributes a rerj large proportion to the formation 
of the orbital and ol&ctory chambers. 

In Fig. 27, 62 is the ilium, 63 the ischium, and 64 the 
pubes, 65 is the femur or thigh-bone, 66 the tibia, 66' the 
patella or kneepan, 67 the fibula, 68 the tarsus, and 69 
the metatarsus and phalanges of the hind-foot; the num- 
bers on the other bones correspond with those in the 
skeleton of the dugong. 

SKELETONS OF HOOFED QUADRUPEDS— 

THE HORSE. 

The contrast, as regards the sphere of life and kind of 
movement between the seal and the horse is very great; 
the instruments of locomotion, and indeed the whole 
frame, need to be very different in an animal that can 
only shuffle on its belly along the ground, and one that 
can traverse the surface of the earth at the rate of four 
miles in six minutes and a half, as was aehievcd by the 
noted racer " Flying Childers." The modifications in the 
form and proportions of the locomotive members are 
accordingly extreme. The limbs in the horse are as 
remarkable for their length and slendemess, as in the 
seal for their brevity and breadth. Both fore and hind 
limbs in the horse terminate each in a single hoof; the 
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trunk is raised high above the ground, and is more re- 
markable for its depth than breadth, especially at the 
fore part; the neck is long and arched; the jaws k>ng 
and slender, being produced so as to facilitate the act of 
cropping the grass, and leaving so much space between 



Fig. 28. 




ROBSS (Equw eahdlhut). 



the "front teeth, and the grinders, as permits man to 
insert the instmment called "bit" into the month, where- 
by he masters and guides his noble and valuable four- 
footed ally, as the ship is steered by the helm. 

Were every animal constructed expressly and excln- 
sivelj for its own peculiar habits of life, and irrespective 
of any common pattern, it could soaroelj be expected, 
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beforehand, that the same bones would be found in the 
horse as in the seal; yet a oompansoii of their skeletons, 
Cuts 27 and 28, will demonstrate that this is, to a very 
great degree, the case. 

The vertebral formula of the horse is : 7 cervical, C, 
19 dorsal, D, 6 lumbar, L, 5 sacral, S, and 17 caudaL 
Eight pairs of ribs directly join the stemmn, 60, which 
consists of seven bones and an ensiform cartilage. The 
neural arches of the last five cervical vertebra9 expand 
above into flattened, subquadrate, horizontal plates of 
bone, with a rough tubercle in place of a spine : the zyga- 
pophyses, e, are unusually large. The perforated trans- 
verse process sends a pleurapophysis, pl^ downwards and 
forwards, and a diapophysis, c?, backwards and outwards, 
in the third to the sixth cervicals inclusive : in the seventh 
the diapophysial part alone is developed, and is imper- 
forate. The spinous processes suddenly and considerably 
increase in length in the first three dorsals, and attain 
their greatest length in the fifth and sixth, after which 
they gradually shorten to the thirteenth, and continue of 
the same length to the last lumbar. The lumbar diapo- 
physes are long, broad, and in close juxtaposition; the 
last presents an articular concavity adapted to a corre- 
sponding convexity on the fore part of tlie diapophysis of 
the first sacral. The scapula, 51, is long and narrow, and 
according to its leugth and obliquity of position the mus- 
cles attached to it, which act upon the humerus, operate 
with more vigor, and to this bone the attention of the 
buyer should be directed, as indicative of one of the good 
points in a horse. The coracoid is reduced to a mere 
confluent knob. The spine of the scapula, 51, has no 
acromion. The humerus, 53, is remarkable for the size 
and strength of the proximal tuberosities in which the 
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scapular muscles are implanted. The joint between it 
and the scapula is not fettered by any bony bar connect- 
ing the bladebone with the breastbone ; in other words, 

there is no clavicle. The uliui, represented by its olecranal 
extremity, 54, is confluent with the la lius, 65. The os 
magnum in the second series of carpal bones, 66, is re- 
markable for its great breadth, oorresponding to the 
enormous development of the metacarpal bone of the 
middle toe, which forms the chief part of the foot. Splint- 
shaped rudiments of the metacarpals, answering to the 
second, u, and fourth, tv, of the pentadaetyle foot, are 
articulated respectively to the trapezoides and the reduced 
homolc^e of the unciforme. The mid-digit, in, consists 
of the metacarpal called " cannon-bone," and of the three 
phalanges, which have likewise received special names in 
Yeterinary Anatomy, for the same reason as other bones 
have received them in Human Anatomy. Phalanges'' is 
the general" term^of these bones, as being indicative of 
the class to which they belong, and " haemapophyses" is 
the " general" term of parts of the inferior arches of the 
head-segments ; and just as, from the modifications of these 
luemapophyses, they have come to be called ^ maxilla," 
**mandibula," "oeratohyal," &c., so the phalanges of the 
horse's foot are called — the first, "great pastern bone," 
the second, "small pastern bone," and the third, which 
supports the hoof, the "coffin bone;" a sesamoid ossicle 
between this and the second is called the "coronary." 
The ilium, 52, is Icmg, oblique, and narrow, like its homo- 
type, the scapnla; the ischium, 63, is unusually produced 
backwards. The extreme points of these two bones show 
the extent to which the bending muscles and extending 
muscles of the 1^ are attached; and according to the 
distance of these points from the thigh-bone the angle i^t 
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whicli they are liherein inserted beoomes more fiiyorable 
for tbeir force; the longer, therefore, and the more hori- 
zontal the pelvis, the better the hind-quarter of the horse, 
and its qualities for swiftness and maintenance of speed, 
depend mnch on the ^*good point" due to the development 
of this part of the skeleton. The femur, 65, is character- 
ized by a third trochanter springing from the outer part 
of the shaft before the great trochanter. There is a splint- 
shaped rudiment of the proximal end of the fibula, 67, 
but not any rudiment of the distal end. The tibia, 66, is 
the chief bone of the leg. The heel-bone, "calcaneunl,'' 
is much produced, and forms what is called the " hock." 
The astragalus is characterized bj the depth and obliquity 
of the superior trochlea, and by the extensive and undi- 
vided anterior surface, which is almost entirely appro- 
priated by the navioulare. The external cuneiforme is 
the largest of the second series of tarsals, being in pro- 
portion to the metatarsal of the large middle digit, m, 
which it mainly supports. The diminished cuboides arti- 
culates partly with this, partly with the rudiment of the 
metatarsal corresponding with that of the fourth toe, tV. 
A similar rudiment of the metatarsal of the toe, corre- 
sponding- with that of the second, ?V, articulates with a 
cuneiforme medium — here, however, the innermost of the 
second series of tarsal bones. 

Of all the other known existing hoofed quadrupeds, it 
would hardly be anticipated that the rhinoceros presented 
the nearest afiinity to the horse; one might rather look to 
the light camel or dromedary; but a di£terent modification 
of the entire skeleton may be traced in the animals with 
toes in even number, as compared with the horse and other 
odd-toed hoofed quadrupeds. In an extinct kind of horse 
{IIi^2^opoiherium), the two splint-bones are more developed, 
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and each supports three phalanges, the last being provided 
with a diminutive hoof. In the extinct Palijeothcria^ the 
outer and inner digits acquired stronger proportions, and 



Fig. 29. 




RKBLRTOX OF THE nniSOOEROS (7f*. hicomtg). 



the entire foot was shortened. The transition from the 
Palceotheriaj by the extinct hornless rhinoceros {Acerothe- 
rium)^ to the existing forms of rhinoceros, is completed. 
In the skeleton of the rhinoceros, we find resemblances to 
the horse in the number of the dorsal vertebrae, in the 
third trochanter of the femur, and in the number of digits 
on each foot, albeit the two that are hidden and rudi- 
inental in the swifter quadruped are here made manifest in 
their full development : the concomitant shortening of the 
whole foot, and strengthening of the entire limbs, accord 
with the greater weight of the body to be supported, clad 
as it is with a coat-armor of thickened tuberculatcd hide: 
the broader feet, terminated each by three hoofs, afford a 
better basis of support in the swampy localities affected 
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by the rhinooero& Both scapuka and iliac bones are of 
greater breadth, and less length. The nlna is fully de- 
veloped in the l^re-limb, and the fibula in the hind-leg; 
but there is no power of rotation of the fore-limb in any 
hoofed quadruped. The upper surface of the skull is 
roughened for the attachment of the horn, and in two 
distinct places where the species has two horns. 

If the equine skull be compared with that of the rhi- 
noceros, the basioccipital will be seen to be narrow and 
more convex. The true mastoid intervenes, as a tuberous 
process, between the post-tympanic and paroccipital pro- 
cess, clearly indicating the true nature of the post-tym- 
panic in the rhinoceros; the tapir shows an intermediate 
condition of the mastoid between the rhinoceros and 
horse. The latter differs from both the tapir and rhi- 
noceros in the outward production of the sharp roof of 
the orbit and the completion of the bony frame of that 
cavity behind by the junction of the postorbital process 
with the zygoma. The tcin]>oral fossa, so defined, is small 
in proportion to the length of the skull: the base of the 
postorbital process is perforated by a superorbital fora- 
men. The lachrymal canal begins by a single foramen. 
The premaxillarics extend to the nasals, and shut out 
the mamillaries from the anterior aperture of the nos- 
trils. The chief marks of affinity to other odd-toed 
hoofed beasts {Pemsodaetyles) are seen in the shape, size, 
and formation of the posterior aperture of the nostrils, 
the major part of wliich is bounded by the palatine bones, 
of which only a small portion enters into the formation 
of the bony palace, which terminates behind opposite the 
interspace between the penultimate and last molars. A 
narrow groove divides the palato-pterygoid process from 
the socket of the last medlar, as in the tapir and rhinoceros. 
The pterygoid process has but little antero-posterior ex- 
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aitopterygoids are thin plates, applied like splints over 
the inner side of the squamous suture between the ptery- 
goid processes of the palatines and alisphenoids. The 
postglenoid process in the horse is less developed than in 
the tapir. The Eustachian process is long and stjlilonn. 
There is an anterior condyloid foramen, and a wide 
"fissora lacera." The broad and convex bases of the' 
nasals articulate with the frontals a little behind tlic an- 
terior boundary of the orbits. The space between the 
incisors and molars is of greater extent than in the tapir; 
a long diastema is not, however, peculiar to the horse ; 
and, although it allows the application of the bit^ that 
application depends rather upon the general nature of the 
horse, a^d its consequent susceptibility to be broken in, 
than upon a particular structure which it possesses in 
common with the ruminants and some other herbivora. 

The tapir and the rock cony have four digits on each 
fore-foot, and three digits on each hind-foot f but they 
resemble more the horse and rhinoceros than any other 
Ungulaia, If the osteological characters of the hoofed 
animals with the hind digits in uneven number be com- 
pared together, they will be found to present, notwith- 
standing the differences of form, proportion, and size 
presented by the rhinoceros, hyrax, tapir, and horse, the 
following points of agreement, which are the more sig- 
nificative of natural affinity when contrasted with the 
skeletons of the hoofed animals with digits in even num- 
ber. Thus, in the odd-toed or " perissodactyle" ungulates, 
the dorso-lumbar vertebras differ in different species, but 
are never fewer than twenty-two ; the femur has a third 
trochanter, and the medullary artery docs not penetrate 
the fore part of its simft. The fore part of the astragalus 
15 
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k divided into two very imeqaalftoeta Theosxnagiram 

and the digitus medius wluch it supports is large, in some 
disproportionatelj, and the digit is symmetrical j the 



Fig. 30. 
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same applies to the ectocuneiform and the digit it sup. 
ports in the hind foot. If the spedes be horned, the horn 
is single; or if there be two, they are placed on the me< 
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dian line of the head, one behind the other, each being 
thus a single or odd horn. There is a well-developed 
post-tjmpanic process, which is separated by the true 
mastoid from the parocdpital in the horse, but unites 
with the lower part of the paroccipital in the tapir, and 
seems to take the place of the mastoid in the rhinoceros 
and hjrax. The hinder hai^ or a larger proportion, of 
the palatines enters into the formation of the posterior 
nares, the oblique aperture of which commences in ad- 
vance of the last molar, and, in most, of the penultimate 
one. The pterygoid process has a broad and thick base, 
and is perforated lengthwise by the eotocarotid. The 
crowns of the antepenultimate, as well as the penultimate 
and last premolars, are as complex as those of the molars ; 
that of the last lower milk-molar is bilobed. To these 
oeteological and dental characters may be added some 
imp<Mrtant modifications of internal structure, as, e. the 
simple form of the stomach, and the capacious and saccu- 
lated csBCum, equally indicating the mutual affinities of 
the odd-toed or perissodactyle hoofed quadrupeds, and 
their claims to be regarded as a natural group of the 
Ungnlata. Many extinct genera, e. lophiodon, tapio* 
iherium, palsBotiherium, hippoUierium, acerotherium, mar 
crauchenia, elasmotherium, coryphodon, have been dis- 
covered, which' once linked together the now broken 
series of Ferissodactyla, represented by the existing 
genera rhinoceros, hyrax, tapyrus, and equus. 

Another series of hoofed quadrupeds is characterized 
by having their hoofs and digits in even number in both 
fore and hind feet. The majority of these have a pair, so 
developed as to serve as feet, and terminated by a pair of 
hoofs so shaped as to look like one split hoo^ whence the 
name '^oloyen-footed," given to this predominant &mily of 
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^aitiodacfyla," or oTen-toed beasts; the synonym "rami* 
naat)" indicate of the same great &mi1y, is deduced from 

the characteristic complexity of their act of digestion. 

No food is more remote or distinct from flesh than grass. 
EztremitieB enTeloped in hoofs are incapatutated from 
seizing and Tetaining a Hying prey, bence all hoofed 
mammals are necessarily herbivorous: hence the com- 
plexity of their grinding teeth, the concomitant strength 
of their grinding mnsdea, and weakness of the biting 
mnades ; the length of the neck, to enable the head to 
reach the verdant earth, and the length and slenderness 
of the jaws. The absence of a clavicle, and of any power 
of rotating the bones of fore-leg and f<»re-foot| aze also eon- 
stant eharactmsties of boUi great divisions of the Ungulata 
or hoofed quadrupeds. 

The ox, the hog, and the hippopotamus are examples 
<^ even-toed hoofed quadrupeds. In the ox, bendes the 
two large and normally developed hooft, two small sup- 
plementary hoofs dangle behind, in each foot; in the hog 
these are brought down to the level of the midpair, but 
are smaller; in the hippopotamus the four digits and hoofe 
are subequal on each foot. From this type of ecctremity 
to that of the giraffe, or camel, where the digits cire abso- 
lutely restricted to two on each foot, there is a close series 
of gradational shortoomings afifecting the outer and the 
inner toes, untQ they wholly disappear. The giraffe (Fig. 
30) is a ruminant dwelling in climes where herbage dis- 
appears from the parched soil soon after the rainy season 
has terminated, and where sustenanoe for a herbivore of 
its bulk eould hardly be afforded, except by trees: it is 
therefore modified to browse on the tender branches, and 
chiefly of the light and lofty acacias. Its trunk is accord- 
inglj short* aad nused high upon long and sleDder limbs. 
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eq)ecially at the forepart; a small and delicate head is 
Bopported on an unosnally long neck. The number of 
yertobrsB here, however, aocords with that characteristie 

of the mammalian class, viz: seven. They are peculiar 
for the length of their bodies. There are fourteen dorsal 
▼ertebrffi with very long apinona proeessea, and support- 
ing long and slender ribs, especially the anterior ones, 
seven pairs of which join the sternum, which consiBts of 
six bones; the lumbar vertebraB are five in number, the 
sacral four, and the caudal twenty; this series is termi- 
nated in the living animal by a tuft of long, wavy, stiff 
black hair, forming an admirable whisk to drive off insect 
tormentors. The bladebone, 51, is remarkably long and 
dender; its spine or ridge forms a very low angle, and . 
gradually subsides as it approaches the neck of the sea- 
pula ; the coalesgjed coracoid is a large tuberosity. The 
humerus, 53, forms the shortest of l^he three segments of 
Uie limb ; it is remarkable for the strength qf the proximal 
prooesses ; the second segment is chiefly constituted, as in 
all ruminants, by the radius, 55 ; the slender shaft of the 
ulna, 56, which supports a long olecranon, becomes blended 
with the radius, and lost at its lower third, but its distal 
end reappears as a distinct part. The metacarpals of the 
retained digits, answering to the third and fourth in the 
human and other five-fingered (pentadactyle) hands, are 
blended together to form a single **cannon«bone" of the 
veterinarians ; but the nature of this is different from that 
in the horse ; it divides at its distal end into two well- 
formed trochleas, or pulley-joints, and to these are articu- 
lated the digits m and iv, which each consist of three joints 
or phalanges. Thus the main extent of this singularly 
elongated limb is gained by the excessive development of 
the hand-segment, restricted, however, to those elements 

15* 
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that aziBwer to the middle and ring-fingero of die htunaa. 

hand. 

The pelvis, of which the sacral, S, iliac, 62, and ischial, 
64^ elements are shown in Cut 81, is small in prop<»tioB 
to the animal's balk. The femur, is short like the 
humerus, and chiefly remarkable for the great expanse of 
this distal end. The tibia, 66, forms the main basis of the 
leg, as its homotjpe the radius does in the forearm, bnit 
the fibula is more ledueed than in the ulna; raieljin any 
ruminant is more of it visible than its distal end, 67, 
wedged in between the tibia and the calcaneum. The 
series of tarsal bones, 68, is peculiar in all ruminants for 
a eoalesoence of tbe.two bones answering to the ^ soaphoid 
and cuboid*' tn the human tarsus. In all ruminants the 
astragalus is unusually symmetrical in shape, with a deep 
trochlear articular surface for the tibia, and two equal 
convex sur&ces for succeeding tarsal bones; the caka- 
neum is produced into a long " hook." The rest of the 
bones of the hind-foot conform closely with those of the 
fore-foot, 

A few remarks, although interesting chiefly to the pro- 
i^ssed anatomist, appear called for in reference to the bony 

structure of the head of the giraffe. 

The exoccipitals form a marked protuberance above 
the foramen magnum, and below a deep fossa, for the im- 
plantation of the ligamentum nuchse— the length of the 

dorsal sj)ines l>cing related, in all ruminants, to a due 
surface for the attaclimont of this strong elastic support 
of the head and neck. The parietals are chiefly situated 
on the upper sur&ce of the skull; the osseous hom-cores, 

which are originally distinct, become anchylosed in old 
•giraffes, across the coronal suture, ecjually to the parietals 

and frontals: if one of these be divided longitudinally, it 
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will show the extension of the frontal and parietal sinuses 
into its lower fourth, the rest of the homcore being a solid 
and dense bone. The protuberanoe npon the frontal and 
contiguous parts of the nasal bones is entirely due to an 
enlargement of those bones, and not to any distinct osse- 
008 part: its soi&ce is longhened by yascnlar impressions. 
(The lachrymal is separated from the nasal by a large va- 
cuity intervening between those bones, the frontal and 
the masdllary. The premaxiUaries, which are of unusual 
' length, articulate with the nasals. The petrotympanic is 
a separate bone, as in all ruminants. The symphysis of 
the lower jaw is unusually long and slender in the giraffe. 

In the skeleton of the Camel {Camelus hactrianus) the 
Tertebral formula is — seven cervical, twelve d^sal, seven 
lumbaar, four sacral, eighteen caudal. Seven pairs of ribs 
articulate directly with the sternum, which consists of six 
bones, the last being greatly expanded and protuberant 
bdow, where it supports the pectoral callosity in the living 
ammal. The cervical region, though less remarkable for 
its length than in the giraffe, is longer than in ordinary 
ruminants, and is remarkable for its flexuosity ; the ver- 
tebre are peculiar for the absence of the perforation for 
the vertebral artery in the transverse process, with the 
exception of the atlas ; that artery, in the succeeding cer- 
vicals, enters the back part of the neural canal, and per- 
forates obliquely the forepart of the base of the neurapo- 
physis. The costal part of the transverse process is large 
and lamelliform in the fourtli to the sixth cervical vertebrss 
iaelusive: in the seventh it is a short protuberance. The 
spinous process of the first dorsal suddenly exceeds in 
length that of the last cervical, and increases in length to 
the third dorsal ; from this to the twelfth dorsal the sum- 
mits of the spines are on almost the same horizontal line, 
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and are expanded and obtuse above, sustaining the sub- 
stance of the two hamps of this species; they afifoid, 

liowever, no other indication of those risings, which are 
as independent of the osseous system as is the dorsal fin 
in the grampns or porpoise. The spines of the lumbar 
▼ertebrsB progressively decrease in length. The spine of 
the scapula is produced into a short-pointed acromion: 
the coracoid tubercle is large, and grooved below. The 
ridge upon the outer condyle of the humerus is much less 
marked than in the normal ruminants. The ulna has - 
coalesced more completely with the radius, and appears 
to be rc]^ resented only by its proximal and distal extre- 
mities. The carpal bones have the same number and 
arrangement as in ordinary ruminants, but the pisiforme 
is proportionally larger. There is no trace of the digits 
answering to the first, second, and fifth in the pentadactyle 
foot: the metacarpals of those answering to the third and 
fourth have coalesced to near their distal extremities, 
which div^erge more than in the ordinary ruminants, 
giving a greater spread to the foot, which is supported by 
the ordinary three phalanges of each of those digits. The 
last phalanx deviates most from the form of that in the 
ordinary ruminants by its smaller proportional size, 
rougher surface, and less regular form: it supports, in 
fiEUSt, a modified claw rather than a hoof. In the femur 
the chief deviation from the ordinary ruminant type is 
seen in the position of the orifice of the canal for the me- 
dullary artery, which, as in the human skeleton, enterg 
the back part of the middle of the shaft, and indines 
obliquely upwards. The fibula is represented by the 
irregularly -shaped ossicle interlocked between the outer 
side of the distal end of the tibia and the calcaneum. The 
scaphoid is not confluent with the cuboid as in the normal 
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ruminant: the rest of the hind-foot deviates in the same 
manner and degree from the ordiuary ruminant type, as 
does the fiore-foot 

The camel tribe hftTe do honifl; some small deer of 
the musk-family are compensated for the want of horns 
by very long and sharp upper canine teeth ; the rest of 
the raminaiKts, either in the male sex or in both sexes, 
are endowed with the weapons of ofienoe and defenoe, 
developed from and supported by the head, called "horns" 
wid " antlers." The term " horn" is technically restricted 
to the weapcHi whioh is composed of a bony base, covered 
by a flheatb of tme homy matter. Such horns aft never 
shed ; and as, in order to diminish the weight of the head, 
the horn-core is made as hollow as is consistent with 
strength, the ruminants with sncb boms are called hollow- 
homed ; the ox, the sheep, and the antelope are examples. 
Antlers consist of bone only. During the period of their 
growth they are covered by a vascular, short-haired skin 
like velvet; but when their growth is completed, this 
sldn dries and peels off, leaving the autler a solid, naked, 
and insensible weapon. Being deprived, however, of its 
vascular support it dies, and, after a certain period of ser- 
vice, is undermined by the absorbents and cast o& The 
process of growth and decadence of the antlers is re* 
peated each year; and in the fallow-deer the antlers pro- 
gressively acquire greater size and more branches to the 
sixth year, when the animal is in its prime. Grood evi- 
dence has been obtained that the same law of growth, 
shedding, and annual renewal prevailed in the gigantic 
fossil deer of Ii-eland, in which upwards of eighty pounds 
of osseous matter must have been developed from the 
frontal bones every year in the full-grown animal. The 
ruminants of the deer and elk tribes are those which have 
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antlers, or are '^soKd-bomed." The horns of the girafie 

are peculiar ; they are short and simple, are always 
covered by a hairy integument, and are never shed. 
They relate in position to both the frontal and paiietal 
bones. In all other ruminants, the boms are developed 
from the frontals exclusively, although they sometimes, 
as in the ox, project from the back part of the cranium; 
but the frontalsi in such cases^ extend to that part The 
bom of the rhinoceros consists wholly of fibrous homy 
matter. 

The even-toed hoofed animals that do not ruminate 
have nS horns. The osteology of this division is here 
illustrated in the hippopotamus (Fig. 31). The skeleton. 



Fig. 31. 
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in its strength and massiveness, presents a greater con- 
trast with that of the giraffe than the rhinoceros's skeleton 
does with that of the horse ; there arc, nevertheless, as 
will be shown in the concluding summary, more essential 
points cif resemblance to the giraffe's d:eleton than to 
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that of the rhinoceros. In points of minor importance, 
we find the hippopotamus resembling the rhinoceros ; as 
e. ^. in the shortneBS and strength of its neck ; but it has 
' only fifteen dorsal, and four lumbar, J, vertebrad. The 
spines of these vertebrao are shorter and less unequal 
than in the ruminants; and they have an almost uniform 
direction, as in all quadrupeds that do not move by leaps 
or bounds. The tail is short, and, in the living animal, 
compressed, acting like a rudder. The bones of the 
limbs are short and thick. In the scapula, 51, the acro- 
mion is slightly produced, and the coracoid recurved. 
The great tuberosity of the humerus, 53, is divided into 
two subequal processes^ The ulna and radius have 
coalesced at their extremities, and at the middle of their 
shaft, the interosseous space being indicated by a deep 
groove and two holes. In the carpal series of bones, tlio 
trapesdum is present, but does not support any digit ; the 
innermost, answering to the thumb or pollex, therefore, 
is the one which is absent; of the remaining four digits, 
the two middle ones, answering to the third and fourth, 
are most developed. The femur has no third trochanter. 
The fibula is distinct from the radius, and extends from 
its proximal end to the calcaneum. The entocuneiform 
bone is present in the tarsus, but there is no rudiment of 
the innermost toe or hallux ; the proportions of the other 
four toes resemble those on the fore-foot. 

The skull is remarkable for the prominence and high 
position of the orbits, which allow the eye to be projected 
above the surface of the water, and a survey to be made 
by the suspicious animal without the exposure of any 
other part of the head. The upper jaw is peculiar for 
the development of the sockets of the great canine teeth, 
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and the lower jaw combij^eB with the like character an 
unusizal prodaction and curvature of the angle. 

With regard to the osteology of the hog tribe, our 

limits compel us to restrict ourselves to the notice of the 
Btill more singular development of the sockets of the up- 
per canines or tasks in the babyr^ossa, in which those 
teeth oarre upwards and pierce the skin of 1^ ftoe, like 
horns, whence the name ''homed bog" soinietiiiioB im^ 
posed upon it. 

If the hoofed animals with the digits in even number 
be compared together, in regard to their osteologioal cha- 
racters, thej will be fomid, notwithstanding the difibrenoe 
of form, proportion, and size presented by the hippopo- 
tamus, wild boar, vicugna, and chevrotain, to agree in 
the following points, which are the more significative of 
natural affinity when contrasted with the skeletons of the 
hoofed animals with digits in uneven number. Thus, in 
the even-toed or " artiodactyle" ungulates, the dorso-lum- 
bar vertebrae are the same in number, as a general rule, 
in all the species, being nineteen. The rare exceptiona 
appear to be due to the deydopment, rarely to the sup- 
pression, of an accessory vertebra as an individual vari- 
ety, the number in such cases not exceeding twenty, or 
falling below eighteen, and the supernumerary vertebra 
being most usually manifested in the domesticated and 
highly-fed breeds of the common hog. The recognition 
of this important character appears to have been impeded 
by the variable number of movable ribs in different spe- 
cies of the artiodactyles, the dorsal vertebrae, which these 
ribs characterize, being fifteen in the hippopotamus and 
twelve in the camel; and the value of this distinction has 
been exaggerated owing to the common conception of 
the ribs as special boncsj distinct from the vertebrae, and 
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their aoa-recognition as parts of vertebra equivalent 
to the nearapophjses and other autogenous elements. 
The dlscoveiy of the pleurapophyses under the oondition 

of rudimental ribs attached to the ends of the lumbar dia- 
pophyses, which afterwards become suturallj attached or 
anohjlosed, and the pleurapophysial nature of a part of 
the so<salled perforated transverse process of the cervical 
vertebra, show that the anthropotomical definition of a 
dorsal vertebra, as one that supports ribs, is inapplicable 
to the mammalia generally, and is essentially incorrect. 
It is convenient, in comparative tables of vertebral form* 
ulfld, to denote the number of those vertebra of the trunk 
in which the pleurapophyses remain free and movable, con- 
stituting the "ribs" of anthropotomy ; but the differences 
sometimes occurring in this respect, in individuals of the 
same species, have their unimportance manifested when the 
true nature of a rib is recognized. The vertebral form- 
• ula9 of the artiodactyle skeletons show that the difference 
in the number of the so-called dorsal and lumbar verte- 
bra does not affect the number of the entire dorso-lumbar 
series: thus, the Indian wild boar has 13, ^ 6«>19; 
i e. 13 dorsal, and 6 lumbar, making a total of 19 trunk- 
vertebrae ; the domestic hog and the peccari have o?, 14, 
Z, 5, = 19 ; the hippopotamus has o?, 15, 4, = 19 ; the gnu 
and aurochs have 14, i, 5, = 19; the ox, and most of 
the true ruminants, have 13, 2, 6, » 19 ; the camel and 
lamas have 12, Z, 7, a 19. These facts illustrate the 
natural character and true affinities of the artiodactyle 
group. Tl^y are further shown by the absence of the 
third trochanter in the femur, and by the place of perfo- 
ration of the medullar J artery at the fore and upper part 
of the shaft, as in the hippopotamus, the hog, and most 
of the ruminants. The fore part of the astragalus is di- 
16 
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Tided into twd equal or siibeqiial ^Mels; the os mag- 
num does not exceed, or is less than, the nneiforme in 

size, in the carpus; and the ectocuneiforme ia less, or 
not larger, than tlic cuboid, in the tarsus. The digit 
answering to the third in the pentadactjle foot is nn- 
symmetrical, and forms, with that answering to the: 
fourth, a symmetrical pair. If the species be horned, 
the horns form one pair or two pairs; they are never de- 
veloped singly and symmetrically from the median line* 
The post-tjmpanic does not project downward disUnctlj 
from the mastoid, nor supersede it in any artiodactyle ; 
and the paroccipital always exceeds both in length. The 
bony palate extends furtlier back than in the perissodac- 
tyles ; the hinder aperture of the nasal passages is more 
rertical, and commences posterior to the last molar tooth. 
The base of the pterygoid process is not perforated by 
the cctocarotid artery. The crowns of the |)rcmolars are 
smaller and less complex than those of the true molars, 
usually representing half of such crown. The last milk- 
molar is trilobed. 

To these osteological and dental characters may be 
added some important modifications of internal structure, 
as e, g, the complex form of the stomach in the hippopo- 
tamus, peccari, and ruminants, the comparatively small 
and simple ceecum, and the spirally folded ooloa^ which, 
equally indicate the mutual affinities of the eren-toed or 
artiodactyle hoofed quadrupeds, and their claims to be 
regarded as a natural group of the Ungulata. Many ex- 
tinct genera, ^.^.clueropotamus, anthracotheriftm, hyopo- 
tamus, dichodon, merycopotamus, xiphodon, diohobune, 
anoplotherium, have been discovered, which once linked 
together the now broken series of Artiodactyla, repre- 
sented by the existing genera hippopotamus, sua, dico- 
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tyles, camel us, moschus, camelopardalis, cervus, antelope, 
ovia, and bos. 

As we have now tnioed both the fore and hind foot to 
the iive-toed or pentadactyle stracture, with the definite 

number of joints or phalanges in each toe, characteristic 
of the highest class of vertebrate animals, a few remarks 
will be offered in illastration of the plan of structure 
which prevails in such extremities, and of the law that 
governs the departure from the pentadactyle type in the 
mammalia. 

The essential nature of the limbs is best illustrated by 
the fish called protopterus, and by some of the lower 
reptiles that retain gills with Inngs. 

If the segment of the skeleton supporting the rudi- 
ments of the fore-limbs in the protopterus (Fig. 32), be 

Fig. 82. 
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PRUTOPTBRUH. 



eompared with the modification of the typical vertebra, 
exemplified in Fig. 6, p. 28, it will be seen to be con- 
structed on the same type. The haemal arch is most ex- 
panded, and it is composed of a pleurapophysis or verte- 
bral rib, pl^ and a h»mapophysis or sternal rib, A, on 
each side; the hiemal spine, or stemnm, is not here de* 
veloped ; the long, many-jointed ray, a, answers to the 
more simple diverging appendage, a, in Fig. 5. 
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The segment supporting these appendages, or first 
rudiments of the fore-limb in the fish, is the occipital 
one, or the last vertebra of the skull. The pleurapo- 
physis of this segment is the seat of all those modifioa- 
tions which have earned for it the special name of 
"scapula," 51 ; the haemapophysis is the seat of those 
that have led to its being called "coracoid," 52. 

The corresponding segment of the batrachian amphi- 
oma (Fig. 32) yields the next important modification of 
these parts. The scapalse, pi, 51, are detached from the 
occiput, or neutral arch; the coracoids, h, 52, are mucli 
expanded; three segments of the diverging appendage, a, 
are ossified, and two of these s^ments are bifid, showing 



Fig. as. Fig. 34. 
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the beginning of the radiating multiplication of its parts. 
The first segment is the seat of those modifications which 

have obtained for it the special name of "humerus," 53 ; 
the two divisions of the next segment of the appendage are 
called "ulna," 63, and "radios^" 54; the remainder of the 
limb is called "manus,*^ or hand; 56 is the gristly carpus, 
and the two bony divisions are the digits or fingers, 57. 

The segment supporting the hind-limbs retains most 
of its typical character in the subterranean reptile called 
the Proteus; one sees, e.g. in Fig. 34, that the centrum 
has coalesced with the neurapophyses, ??, and neural 
spine, )iSj forming the neural arcli from which the dia- 
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pophjaes, are developed: the more expanded hcBinal 
aidi ooDsiflta <^ the pleurapophjaea, pl^ and the haamapo- 

pbyses, h; the former ia called the ^' ilium/' 62, the latter 

the "ischium," 63; and, as the hiemapophyses of another 
s^gmeat are usually added to the scapular arch, whea 
Aey receive the Bfime of clavicles," so also the hsBma- 
pophyses of a contiguous segment are usually added to 
the pelvic arch, when they arc called "pubic bones." 

The pelvic diverging appendage, a a, has advaaced to 
the same stage of complexity in the proteus, aa the scapu- 
lar one in the amphiuma; the first ossified segment ia 
called femur,'' 65; the divisions of the next segment 
are respectively termed " tibia," 66, and "fibula," 67 ; the 
first set of ahort bones in the ''pes,*' or foot, are called 
''tarsals,^ 68; those of the two toes are called ''meta- 
tarsals'" and " phalanges," 69. 

The tarsal bones, from the degree of constancy of their 
forma and relative positions, have re- 
ceived distinct names. In Fig. 85 of Fig. 85. Fig as. 
the bones of the hind-foot in the horse, 
a marks the astragalus," cZ, the "cal- 
tianeum,^ or heel-bone, the prominent 
part of which forms the "hock ;" s is the 
" scaplioides," or naviculare, Z/, the " cu- 
boid," ce, "ectocuneiform,*' and cm, the 
" mesocuneiform." Now, the ectocunei- 
form in all iiKuamalia supports the third 
or middle of the five toes when they 
are all present, the mesocuneiform sup- 
ports the second toe, and the cuboides 
the fourth and fifth. We see, therefore, 
in the horse, that the very large bone 
articulated to the ectoouneiform, ce, is bobsb. ox. 

16* 
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th^ metatarsal of the ikird toe, to which are articulated the 
three phalanges of the same toe, m, the last phalanx being 

expanded to sustain the hoof. The small bone called 
"split-bone," by veterinarians, articulated to the "meao- 
ouneiform," is the stunted metatarsal of the smmd toe, n / 
the outer "splint-bone," articulated to the "cuboides,*^ is 
the similarly stunted metatarsal of the fcnirih toe, iv. 

In the foot of the ox (l?lg, the cuboides, 6, presents 
a marked increase of size^ualling the eetocuneiform, cc, 
wbich is proportionally diminished. The single bone, 
called "cannon-bone," wliich articulates with both these 
carpal bones, does not answer to the single " cannon- 
* bone" in the horse, but to the metatarsals both the 
third and the fmrik digits; it is accordingly found to 
consist of those two distinct bones in the foetal rumin- 
ant, and tliere are a few species in which that distinction 
is retained. Marks of the primitive division are always 
perceptible, especially at its lower end, where there 
are two distinct joints or condyles, for the phalanges 
of the third, m, and fourth, ivy toes. ' In the horse, the 
rudiments of the two stunted toes were their upper ends 
or metatarsal bones ; in the ox, they consist of their lower 
ends or phalanges ; these form the " spurious hoofs," and 
are parts of the second, ii^ and Bfth, i;, toes (Fig. 36). The 
rhinoceros more closely resembles the horse in the bony 
structure of its hind-foot (Fig. 37) ; the ectocuneiform is 
still the largest of the three lowest tarsal bones, although 
the mesocuneiform, cm, and the cuboids, have gained 
increased dimensions in accordance with the completely 
developed toes which they support ; these toes we there- 
fore recognize as being answerable to the rudiments of 
the second, iV, and fourth, in the horse, the principal 
toe. being still the third, iiL The hippopotamus (Fig. 88) 
chiefly differs from the ox, as the rhinoceros differs from 
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the horse, viz: by manifesting the two toes fully de- 
veloped, which were rudiinental in the more simple foot; 
the cuboides, 6, being proportionally extended to support 
the fifth toe, t;, as well as the foarth, iv; the second toe, 
articulates, as usaal, with a distinct tarsal bone. In 
the elephant (Fig. 39), where a fifth digit is added, 
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answering to our first or great toe, I, there is also a dis- 
tinct carpal bone, called the " entocuneiform," ci, and the 
tarsns presents, as in other pentadactyle mammals, all the 
bones which are seen in the human tarsus^ viz: the 
astragalus, a, the calcancum, c, the scaphoides, .s, the cnto- 
cuneiform, ci, the mcsocuneiform, cm, the ectocuneiform, 
cc, and the cuboides, b. 

The course of the simplification of the pentadactjle 
foot or hand is first a diminution and removal of the 
innermost digit, t ; next of the outermost, v ; then of the 
second, ii; and lastly of the fourth, iv \ the third or middle 
toe, nt, being the most constant and important of the five 
toes. The same law or progress of simplification prevails 
in the fore-foot or hand. The thumb is the first to dis- 
appear, then the little finger, and the middle finger is the 
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most constant, and forms tlie single-hoofed fore-foot of 
the horse. 

The scapula, 51, in the fore-limb repeats or answers to 
tbe ilium, 62, ia tbe bind-limb ; the coracoid, 52, to the 

ischium, 03; the clavicle, 58, to the pubis, 64; the hu- 
merus, 58, to the femur, 65 ; the radius, 55, to the tibia^ 
66 ; the ulna, 54, to the fibula, 67 ; the carpus, 56, repeats 
the tarsus, 68 ; and the metacarpus and phalanges of the 
fore-foot repeat the metatarsus and phalanges of the hind- 
foot : they are technically called serial homologues," or 
homotypes," and each bone in the carpus can be shown 
to have its homotype in the tarsus. (See Archetype of the 
Vertebrale JS^^elelon^^^ p. 167.) 



SKELETON OF THE SLOTH. 

The transition from the quadrupeds with hoofs to those 
with claws seems in the present series to be abrupt ; but 

it was made gradual by a group of animals, now extinct, 
which combined hoofs and claws in the same foot. Some 
of the outer toes, at least, were stunted and buried in a 
thick callosit}'-, for the ordinary purpose of walking, 
whilst the other toes were provided with very long and 
Strong claws for uprooting or tearing off the branches of 
trees. These singular beasts were of great bulk, and ap- 
pear to have boon peculiar to America. As restored by 
anatomical science, they have received the names of Me- 
gatherium, Megalmyx, Myhdon^ &c. They were huge ter- 
restrial sloths; the present remnants of the family consist 
of very few species enabled by tlicir restricted bulk to 
climb the trees in quest of their leafy food, and peculiarly 
organized for arboreal life. The toes, which were modi- 
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fied iu their huge predecessors to tread the ground, are 
reduced to rodimeDts, or are undeveloped; and those only 
areielained which support the claws, now rendered by their 

length and curvature admirable instruments for clinging 
to the branches. The whole structure of the hind and 
fore limbs is modified to give full e£fect to these instni* 
ments as movers and suspenders of the body in the bosky 
retreats for which the sloths are destined; and, in the 
same degree, the power of the limbs to support and carry 
the animal along the bare ground is abrogated. Accord- 
ingly, when a sloth is placed on level ground, it presents 
the aspect of the most helpless and crippled of creatures. 
It is less able to raise its trunk above its Umbs than the 
seal, and can only progress by availing itself of some in- 
equality in the soil offering a holdfast to its claws, and 
enabling it to drag itself along. But to judge of the 
creative dispensations towards such an animal by ob- 
servation of it, or reports of its procedure, under these 
unnatural circumstances, would be as rcasoniible as a spe- 
culation on the natural powers of a tailor suddenly trans- 
ferred from his shopboard to the rigging of a ship under 
way, or of a thorough-bred seaman mounted for the first 
time on a full-blood horse at Ascot. Kouse the prostrate 
sloth, and let it hook on to the lower bough of a tree, and 
the comparative agility with which it mounts to the top- 
most branches will surprise the spectator. In its native 
South American woods its agility is still more remarkable, 
• when the trees are agitated by a storm. At that time, the 
instinct of the sloth teaches it that the migration from tree 
to tree will be most facilitated. Swinging to and fro, 
back downwards, as is its habitual position, at the end of 
a branch just strong enough to support the animal, it 
takes advantage of the first branch of the adjoining tree 

1 
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that may be swayed by the blast within its reach, and 
stretching out its fore-limb, it hooks itself on, and at once 
transfers itself to what is equivalent to a fresh pasture. 
The story of the sloth voluntarily dropping to the ground, 
and crawling under pressure of starvation to another tree, 
is one of the fabulous excrescences of a credulous and 
gossiping zoology. 

In the sloth, accordingly (Fig. 40), the fore-limbs are 
much elongated, and that less at the expense of the hand 
than of the arm and forearm. The humerus, 53, is of 

Fig. 40. 
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unwonted length — is slender and straight ; the radius, 55, 
and ulna, 54, are of similar proportions — the former 
straight, the latter so bent as to leave a wide interosseous 
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space. Now, moreover, these bones, instead of being 
firmljr united as one booe, are so articulated with each 
other as to permit a reciprocal rotatory movement, chiefly 
performed, however, by the radius; and since to this bone 
the carpal segment of the hand is mainly articulated, that. 
f^ensQe member can be turned prone or supine, as in 
ihe human arm and hand. Six bones are preserved in 
the carpus of thrcc-toed sloth {Bradypus tridaciylus\ an- 
swering to those called "lunare," " cuneiforme," "unci- 
jbrme,'' and "pisiforme," also to the '^scaphoides and 
trapeziam" united, and to the '^trapezoides and magnum" 
united. The scapho-trapozium is characteristic of the 
aioth'tribe, and is found in the extinct as well as existing 
q)ecie8. The articulation of the carpus with the radius, 
and with the metacarpus, is such as to turn the palm of 
the long hand inwards, and bring its outer edge to the 
ground* The three fully- developed metacarpals are con- 
flaent at their base, which is also anchylosed to the rudi- 
ments of the first and fifth metacarpals; the proximal 
phalanges of the digits answering to ?V, wV, and tr, are 
confluent with their metacarpals, and those digits appear 
therefore to have only tigro joints. The last phalanx is 
lemarkably modified for the attachment of the very long 
and strong claw. 

With regard to the bladebone of the sloth, 51, it is 
muoh broader in proportion to its length than in the swift 
cloven-footed herbivores ; the spinous process is unusu- 
ally short; the acromion is of moderate length, and unex- 
panded at its extremity; the supraspinal fossa is the 
broadest, and has a perforation instead of the usual "su- 
praspinal" notch. There is a short clavicular bone 
attached to the acromion, but not attaining to the ster- . 
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The iliac bones, 62, repeat the modifications of their 

homotypes the scapiike, and are of unusual breadth as 
compared with those of other quadrupeds; thej soon be- 
come anchyloeed to the broad sacrum, the iachia, 68, 
and pubes, 64, are long and slender, and droamscribe 
nnnsuallj large "tbjrroid" and ischial'' foramina, the 
latter being completed by the coalescence of the tuberosi- 
ties of the ischia with the transverse processes of the last 
two sacral yertebrsB. The head of the femar, 65, has no 
impression of a ligamentnm teres. The patella, 66', is 
ossified : there is a fabella behind the external condyle. 
The tibia, 66, and fibula, 67, are bent in opposite direc- 
tions, intercepting a very wide interosseous space. The 
anchylosis of their two extremities, which has been found 
in older specimens, has not taken place here. The inner 
malleolus projects backwards and supports a grooved 
process. The outer malleolus projects downwards, and 
fits like a pivot into a socket in the astragalus, turning 
the sole of the foot inwards — a position like that of the 
hand — ^best adapted for grasping boughs. The calcaneam, 
68, is remarkably long and compressed. The scaphoid, 
cuboid, and cuneiform bones have become confluent with 
each other and the metatarsals, of which the first and fifth 
exist only in rudiment. The other three have likewise 
coalesced with the proximal phalanges of the toes which 
they support : these toes answer to the second, third, and 
fourth, in the human foot. 

The short and small head of the sloth is supported on 
a long and flexible neck presenting the very unusual cha- 
racter in the Mammalian class of nine vertebra?, C — the 
superadded two, however, appearing to have been im- 
pressed from the dorsal series, D, by their short, pointed, 
and usually movable ribs. The head and mouth can 
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be turned round every part of a branch in quest of the 
leafy food by this meclianism of the neck. As the trunk 
is commouly suspended from the limbs with the back 
downwards, the muscles destined for the moyements of 
the back and support of the head are feebly developed, 
and the vertebral processes for their attachment are pro- 
portionally short. The spines of the neck-vertebrae are 
of more equal length than in most mammals — that of the 
dentata being little larger than the rest: the spines gra- 
dually subside in the posterior dorsals, and become 
obsolete in the lumbar vertebrae. The first pair of fully- 
developed ribs, marking the beginning of the true " dorsal" 
series of vertebraa, are anchylosed to the breast-bone 
which consists of eight ossicles. In the two-toed sloth, 
however, which has twenty-three dorsal vertebrae, there 
are as many as seventeen subcubical sternal bones in one 
long row, with their angles truncated for the terminal 
articulations of the sternal ribs, which are ossified. 

The skull of the sloth is chiefly remarkable for the 
size, shape, and connections of the malar bone, which is 
freely suspended by its anterior attachment to the maxil- 
lary and frontal, and bifurcates behind ; one division ex- 
tending downwards, outside the lower jaw, the other 
ascending above the free termination of the zygomatic 
process of the S([iiaiiiosal. The premaxillary bone is 
single and edentulous, being represented only by its 
palatal portion completing the maxillary arch, but not 
' sending any processes upwards to the nasals. 

The skull in the toothless ant-eater chiefly forms a 
long, slender, slightly-bent bony sheath for its still longer 
and more slender tongue, the main instrument for ob- 
taining its insect food. The mouth in the living animal 
is a small orifice at the end of the tubular muzzle, just 
17 
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big enough to let the vermiform tongue glide easily ia 
and out. The fore-limbs are remarkable for the great 
size and strength of the daw developed from the middle 
digit : this is the instrument by which the ant-eater mainly 
effects the breach in the walls of the termite fortresses, 
which it habitaally besieges in order to prey npon their 
inhabitants and constructors. As in the sloths, both fore 
and hind feet have an inclination inwards, whereby the 
sharp ends of the long claws are prevented from being 
worn by that constant application to the ground which 
must have resulted from the ordinary position of the foot. 
The trunk- vertebra) of the ant-eater are chiefly remark- 
able for the number of accessory joints by which they 
are articulated together. This complex structure is also 
met with in the armadillos, in which the anterior zygapo- 
physes of the dorsal vertebras send processes — the meta- 
pophyses (Fig. 2, p. 165), m — upwards, outwards, and 
forwards, which processes, progressively increasing in the 
hinder vertebrae, attain, in the lumbs^ region, a length 
equal to that of the spinous processes, ns^ and have the 
same relation to them, in the support of the osseous cara- 
pace, as the ^'tie-bearers" have to the "king-post" in the 
architecture of a roof. 



SKELETON OF TUE MOLE. 

The mole is hardly less fitted for the actions of an or- 
dinary land-quadruped than the sloth ; but the one is as 
admirably constructed for subterraneous as the other 
for arboreal life. The fore-limbs are remarkably short, 
broad, and massive in the mole, as they are long and 
slender in the sloth; yet the same osseous elements, 
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similarly disposed, occur in the skeleton of each. The 
head of the mole is long and cone-shaped; its broad base 
joins on the trunk without any outward appearance of a 
neck. The forepart of the trunk, to which the principal 
muscular masses working the fore-limbs are attached, is 
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the thickest, and thence the body tapers to the hind- 
quarters, which are supported by limbs as slender as they 
• are short. 

The neck-bones, nevertheless, are not wanting; they 
even exist in the same number as in the giraffe; the ver- 
tebral formula of the mole being — 7 cervical, 13 dorsal, 
6 lumbar, 5 sacral, and 10 caudal. The spine of the 
second vertebra or dentata is large, and extended back 
over the third vertebra : the neural arches of this and the 
succeeding neck-vertcbraa form thin simple arches with- 
out spines: the entire vertebraer have been described as 
mere rings of bone ; but the transverse processes of the 
fourth, fifth, and sixth cervicals are produced forwards 
and backwards, and overlap each other : in the seventh 
vertebra those processes are reduced to tubercular diapo- 
physes which are not perforated : the bodies of the verte- 
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hr-Jd are depressed and quadrate. The part answering to 
the nuchal ligament in the girafie is bony in the mole, u. 

The first sternal bone, or manubrium, is of unusual 
length, being much produced forwards, and its under 
surface downwards in the shape of a deep keel for ex- 
tending the origin of the pectoral muscles. Seven pairs 
of ribs directly join the sternum, whicb consists of four 
bones, in addition to the manubrium and an ossified ensi- 
form appendage. The neural spines, which are almost 
obsolete in the first eight dorsals, rapidly gain length in 
the rest, and are antroverted in the last two dorsal verte- 
brae. The diapopbyses, being developed in the posterior 
dorsals, determine the nature of the longer homologous 
processes in the lumbar vertebraa. 

The lumbar spines are low, but of considerable antero- 
posterior extent: the diapopbyses are bent forward in the 
last four vertebrae: a small, detached, wedge-shaped hy- 
papopliysis is fixed into the lower interspace of the bodies 
of the lumbar vertebrae. 

The scapula, 51, is very long and narrow, but thick, 
and almost three-sided: the common rib-shape is resumed 
in this cranial pleurapophysis, as we have seen in the 
bird and tortoise. The clavicle, on the other hand, in- 
stead of the usual long and slender figure, presents the 
form of a cube, being very short and broad, articulated 
firmly to the anteriorly projecting breast-bone, and more 
loosely with the acromion and head of the humerus. 

This bone, 53, would be classified amongst the "flat" 
bones. It is almost as broad as it is long, especially at 
its proximal end, which presents two articular surfaces 
— one for tlic scapula, the oilier for the clavicle : the 
expanse of the bone beyond these surfaces relates to the 
formation of an adequate extent of attachment for the 
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deltoid, pectoral, and other great burrowing muscles. 
All the other bones of the fore-limb are as extremely 
modified for fossorial actions. The olecranon expands 
transversely at its extremity, and the back part of the 
ulna is produced into a strong ridge of bone. 

The shaft of the radius is divided by a wide inter- 
osseous space from the ulna, and the head of the zadiua 
is prodaced into a hook-shaped process like a second 
"olecranon." The carpal series consists of five bones 
in each row — the scaphoid being divided in the first, and 
a sesamoid being added to the second row ; moreover, 
there is a large supplementary sickle- shaped bone, ex- 
tending from the radiiis to the metacarpal of the poUex, 
giving increased breadth and a convex margin to the 
radial side of the very powerful hand, and chiefly com- 
pleting its adaptation to the act of rapidly displacing the 
soil. The phalanges of the fingers are short and very 
strong: the last are bifid at their ends for a firmer attach- 
ment of the strong claws. Little more of the hand than 
these claws, and the digging or scraping edge, projects 
beyond the sheath of skin enveloping the other joints, 
and connecting the hand with the trunk. 

The common position of the arm-bone is with its distal 
end most raised. The fore-arm, with the elbow raised, is 
in the state between pronation and supination, the radial 
side of the hand being downwards, and the palm directed 
outwards. The whole limb, in its position and structure, 
is unequalled in the vertebrate scries as a fossorial instru- 
ment, and only paralleled by the corresponding limb in 
the mole-cricket {Orylbtalpd) amongst the insect-tribes. 

No impediment is offered by the hinder parts of the 
body or limbs when the thickest part of the animated 
wedge has worked its way through the soil. The pelvis 

17* 
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is remarkably narrow. The ossa innominata have coa- 
lesced with the sacrum, but not with each otlier, the 
pubic arch remaining open. The bodies of the sacral 
vertebrw are blended together, and are carinate below; 
their neural spines have coalesced to form a high ridge. 
The acetabula look almost directly outwards. The head 
of the femur has no pit for a round ligament A fabella 
is preserred behind the outer condyle. A hamular pro- 
cess is sent oft* from the head of the tibia and fibula ; the 
lower moieties of the shafts of these bones are blended 
together. The toes are five in number on the hind-feet as 
in the fore, but are much more feebly developed. They 
serve to throw back the loose earth detached by the 
spade-shaped hands. 

SKELETON Oi\TUE BAT. 

The form of limb presented by the arm and hand of 
the bat, offers the most striking contrast to the burrowing 
trowel of the mole. Viewed in the living animal, it is a 
thin, widely expanded sheet of membrane, sustained like 
an umbrella by slender rays, and flapped by means of 
these up and down in the air, and with such force and 
rapidity, as, combined with its extensive surface, to react 
upon the rare element more powerfully than gravitation 
can attract the weight to which the foredimbs are attached; 
consequently, the body is raised aloft, and borne swiftly 
through the air. The mammal now rivals the bird in its 
faculty of progressive motion; it flies, and the instru- 
ments of its aerial course are caUed "wings." The whole 
frame of the bat is in* harmony with this faculty, but the 
mammalian type of skeleton is in nowise departed from. 

The vertebral formula of the common bat (^Ves^ertilio 
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murinva) (Fig. 42), is: 7 oerykal, 12 dorsal, 7 lambar, d 
BBcral, and 8 caudal vertebne. The chief charactenetics 

of the skeleton are: the gradual <liijiiniiti(>n of size of the 
spinal column from the cervical to the sacral regions ; the 
absence of neural spines in the Yerfeebr» beyond the den- 
tata; a keeled stemnm; long and strong, bent daviolea, 
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68; broad scapulas, 51; elongated humeri, 53; more 
ekmgated and slender radios, 56; and still longer and 
more slender metacarpals and phalanges of the four fin- 
gers, lY, m\ ir, V, which are without claws, the thumb, 
being short, and provided with a claw ; the pelvis, 62, is 
smaU, slender, and open at the pnbis, 63; the fibula, 67, 
is mdiraental, like the ulna, 54, in the fore-arm. The 
common bat has a long and slender still iform appendage 
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to the heel, 68, which helps to sastain the cando-femoial 
membrane. The hind digits are five in number, short, 

sabequal, each provided with a claw; thej are the in- 
struments bj which the bat suspeads itself, head down- 
wards, daring its daily summer sleep, and continued 
winter torpor. 



SKELETON OF THE CARNIVOllOUS 

MAMMALIA. 

The lion may be regarded as the type of a quadruped. 
The well adjasted proportions of the head, the trunk, the 

fore-limbs, and tail concur with their structure to foria 
an animal swift in course, agile in leaps and bounds, ter- 
rible in the overpowering force of the blows inflicted by 
the fore-limbs. The strong, sharp, much-curved, retrac- 
tile talons, terminating the broad powerful feet, enable 
the carnivore to seize the prey it has overtaken, and to 
rend the body it has struck down. The jaws have a pro- 
portional strength, and are armed with fangs fitted ^ 
pierce, lacerate, and kill. 

The carnivorous character of the skull, as exemplified 
by the sagittal and occipital crests, by the strength and 
expanse of the zygomatic arches, by the breadth, depth, 
and shortness of the jaws, by the height of the coronoid 
processes, and by the depth and extent of thefossaa of the 
lower jaw for the attachment of the biting muscles, reaches 
its maitimum in the lion. The triangular occipital region 
is remarkable for the depth and boldness of the sculptur- 
ing of its outer surface, indicative of the powerful muscles 
working the whole skull upon the neck and trunk. The 
conjoined paroccipitals and mastoids form a broad and 
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ihick capsular support for the back port of the acoustic 
ballsd. The pterygoid processes are imperforate. A well- 
marked groove extends on each side of tlie bony palate 
from the posterior to the anterior palatine foramina. 
The premaxiUaries are comparatively short, and one-haif 
of the lateral border of the nasals directly articulates with 
the maxillaries. The antorbital foramina are largely 
indicative of the size of the sensitive nerve supplying 
the well-developed whiskers. Within the cranium we 
find that ossification has extended into the membrane 
dividing the cerebrum from the cerebellum. This bony 
tentorium extends above the petrosal to the ridge over- 
hanging the Oasserian fossa; the petrosal is short, its 
apex is neither notched nor perforated; the cerebellar 
pit is very shallow. The sella-turcica is deep, and well 
defined by both the anterior and posterior dinoids. The 
rhinencephalic fossa is relatively larger in the lion than 
in most curnivora, and is defined by a well-marked angle 
of the inner table of the skull from the prosenccphalio 
compartment. The olfieu^tory chamber extends back- 
wards both above and below the rhinencephalic fossa; 
the upper part of the chamber is divided into two sinuses 
on each side. The superior turbinals extend into the 
anterior sinus^ and below into the presphenoidal sinus. 
All the bones of the skeleton are remarkable for their 
whiteness and compact structure. 

The vertebral formula of the lion (Fig. 4S) is — 7 cervi- 
cal, 13 dorsal, 7 lumbar, 8 sacral, and 28 caudal. The 
last cervical vertebra has the transverse processes imper- 
forate, being formed only by diapophyses. The eleventh 
dorsal is that toward which the spines of the other trunk- 
vertebrsB converge, and indicates the centre of motion of 
the trunk in this bounding quadruped. Eight pairs of 
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ribs directly join the sternum, which consists of eight 
bones. The clavicles are reduced to clavicular bones, 
68, suspended in the flesh. The supraspinal fossa of 
the scapula is less deep than the infraspinal one, and 
its border is almost uniformly convex; the acromion is 
bifid, the recurved point being little larger than the ex- 
tremity or anterior point. The humerus, 53, is perforated 
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above the inner condyle, but not between the condyles. 
The radius, 55, and ulna, 54, are so articulated as to 
permit a free rotation of the fore-paw. The scaphoid and 
lunar bones are connate. Besides these, the bones of the 
carpus are the cuneiforme; the pisiforme; the trapezium, 
which gives an articulation to the ulnar side of the base 
of the short metacarpus of the pollex; the trapezoides; 
the magnum, which is the least of the carpal bones; the 
unci forme, which supports, as usual, the metacarpals of 
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the fourth and fifth digits; and tlie pisiforme, which pro- 
jects far backwards, like a small calcaneum: there is also 
a supplementary oscicle wedged in the interspace between 
the prominent end of tlie scapho-lunar bone and the 
proximal end of the metacarpal of the pollex. The pollex 
is retained on the fore-foot, and, like the other toes, is 
terminated by a large, compressed, retractile, ungual 
phalanx, forming a deep sheath, foi* the firm attachment 
of the large curved and sharp-pointed claws. 

The pelvis, 62, tfS, 64, the femur, 65, the tibia, 66, and 
fibula, 67, offer no remarkable modifications of structure; 
the patella, 66, is well ossified, and there is a fabella, 67, 
behind each condyle of the femur. The tarsal bones are 
the astragalus; the scaphoides; the calcaneum; the cu- 
boides, which, like the unciforme in the carpus, suf)ports 
the two outer digits; the cuneiforrac externum, which, 
like the magtinm, supports the middle digit ; the cunei- 
forme medium, which, like the trapezoides, supports the 
second digit; and the cunci forme iiiterniun, which sup- 
ports the rudiment of the metatarsal of the £rst or inner- 
most digit. 

The last or ungual phalanx, in both fore and hind feet, 

has a bony sheath at its base for the firmer implantation 
of the claw ; and its joint is at the back part of the proxi- 
inal end of the phalanx, whereby it can be drawn upwards 
upon the second phalanx, when the claw becomes con- 
cealed in the fold of integument forming the interspace 
of the digits. 

This state of retraction is constantly maintained, except 
when overcome by an extending force, by means of elastic 

ligaments. The principal one arises from the outer side 
and distal extremity of the second phalanx, and is inserted 
into the superior angle of the last phalanx; a second arises 
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from the outer side and proximal end of the second pha- 
lanx, and passes obliquely to be inserted at the inner side 
of the base of the last phalanx. A third, which arises 

from the inner side and proximal extremity of the second 
phalanx, is inserted at the same point as the preceding. 
The tendon of the flexor profundus perforans is the an- 
tagonist of the elastic ligaments. By the action of that 
muscle, the last phalanx is drawn forwards and down- 
wards, and the claw exposed. In order to produce the 
full effect of drawing out the daw, a corresponding action 
of the extensor muscle is necessary, to support and fix 
the second phalanx ; by its ultimate insertion in the ter- 
minal phalanx, it serves also to restrain and regulate the 
actions of the flexor muscle. As the phalanges of the 
hind-foot are retracted in a different direction to those of 
the fore-foot, /. e. directly upon, and not by the side of the 
second phahinx, the elastic ligaments are differently dis- 
posed, but perform the same main ofi&ce. 

It seems scarcely necessary to allude to the final inten- 
tion of these beautiful structures, which are, with some 
shght modifications, common to the genus FeUs. The 
claws being thus retracted within folds of the integumrai, 
are preserved constantly sharp, and ready for their des- 
tined functions, not being blunted and worn away in the 
ordinary progressive motions of the animal; while at the 
same time the sole of the foot, being padded, such soft 
parts only are brought in contact with the ground as 
conduce to the noiseless tread of the stealthy feline tribe. 
This highly-developed unguiculate structure, with the 
dental system and concomitant modifications of the skuU, 
complete the predatory character of the typical Cami' 
vara. 
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SKELETON OF THE KANGAROO. 

Australia possesses an indigenous race of herbivorous 
mammals, created to enjoy existence on its grassy plains. 
But the climate of this fifth continent, as, from its extent, 
it has been termed, is subject to droughts of unusual du- 
ration ; and the parched up grass, ignited by the electric 
holt or other cause, often raises a conflagration of fearful 
extent, and leaves a correspondingly wide-spread black- 
ened desert. To the antelope, and other ruminants of 



fig. 44. 




SKELETON OP THE KANGAROO {Macroptu elcgans). 



tropical or warmer latitudes, swiftness of limb has been 
^iven, which enables them to migrate to river valleys, 
where the vegetation is preserved from the influence of 
the dry season. Australia, however, is peculiar for its 
18 
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scanty supply of perennial streams; the torrents of the 
brief periods of rain are reduced to detached pools in the 
dr J season, and these are parched up in the long droughts, 
leaving hundreds of miles of the country devoid of sur- 
face water. If, then, the parent herbivore could traverse 
the required distance to quench its thirst, or satisfy its 
hunger, the tender young would be unable to follow the. 
dam. A modification of the procreative process has ac- 
cordingly been superinduced, which characterizes the 
Australian mammals ; the young are prematurely brought 
forth of erabrjonic size and helplessness, and are trans- 
ferred to a pouch of inverted skin, concealing the udder; 
and in this marsupium, as in a well-stored vehicle, th^ 
are easily transferred by the parent to any distance to 
which the climatal conditions may compel her to migrate. 
The economy of this portable nursery, the requisite ma- 
nipulation of the suckling young therein suspended from 
the teat, demand a certain prehensile power of the fere- 
limbs, a freedom of the digits, with some opposable faculty 
in them, and the possession of so much sense of touch as 
would be impossible were the digit to be incased in a 
hoof; the homy matter is accordingly developed only on 
the upper surface of the finger-end, and is in the form of 
a claw. But the unguiculate pentadactyle extremity — 
though a higher grade of structure in the progress of 
limbs — ^is not suited for the exigences of the herbivore, 
and would have appeared utterly incompatible with an 
existence dependent on grazing in wild pastures, had we 
argued from knowledge restricted to the forms and struc- 
tures of the hoofed herbivores of the Europseo- Asiatic, 
African, and American continents. How, then, it may 
be asked, is this difficulty overcome in the case of a graz- 
ing animal, necessarily a marsupial, and consequently an 
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ungaiculate one? The answer need only be a reference 
to Fig. 44; the requisite faculty of migration of the parent 
with the tender of&pring is gained by transferring the 
locomotiye power to the hinder pair of limbs extraordi- 
narily developed, and aided by a correspondingly power- 
ful tail; the fore-limbs being restricted in their develop- 
ment to the size requisite for the marsupial oiUces and 
other aooessory uses. - 

This is the condition or explanation of the seemingly 
anomalons form and proportions of the kangaroo— so 
strange, indeed, that the experienced naturalists, Banks 
and Solander, may well be excused for surmising they 
had seen a linge bird when they first canght a glimpse 
of the kangaroo in the strange land which they, with 
Cook, discovered. 

The rapid course of the kangaroo is by a succession of 
leaps, in which twenty to thirty yards are cleared at a 
bound ; the herbivore, instead of a swift courser on four 
pretty equally developed hooiM extremities, is, in Aus- 
tralia, a leaping animal ; and the saltatorial modification 
of the mammalian skeleton is here shown in that of one 
of the swiftest and most agile of the numerous species of 
kangaroo, the Macnpus elegana. 

In this kangaroo, 13 vertebne are dorsal, 6 are lumbar, 
2 are sacral, and 28 are caudal, the first fourteen of which 
have hfemapophyses. These elements coalesce at their 
distal ends, and form small haemal arches ; they overspan 
and protect from pressure the great bloodvessels of the 
tail, the powerful muscular fasciculi of which derive in- 
creased surface of attachment from these haemal arches. 
The pelvis is long ; the strong prismatic ilia, 52, and the 
iscbia, 68, carry out the great flexors and extensors of the 
thigh to a distance from their point of insertion — ^the 
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feoiwv which mak€0 Aiae iDW^ 

at a most advantageous angle ; the trunk, borne along ia 
the violent leaps, needs to be unusually lirndy bound to 
the pelvic basis of the ehief moving powers. Accord- 
ing! j, we find a pair of baofiSy 64', exteadiog forward! 
firom the pubic symphysis, 64, along the ventral walls, 
giving increased bony origin to the unusually developed 
median abdominal muscles attaching the thorsu. to the 
pdvia; aad fchesa maraiqpial boaaBy*' they are ealled, 
have aooettoiy fimetioaa raiatlag to raprcKhiotioa i& foofth 
■exes of the marsupial quadrupeds. The femur, 6i5t, ia 
more than twice the length of the humerus ; it is propor- 
tionally strong, with well-developed great aud email 
'^trocbanteis^" and a **&beUa" behind one or both eon* 
dyles. The patella is nnossified. The fibula, 67, ia im* 
tooyably united to the lower half of the tibia. This 
bone, 06, is of unusual length and strength, and is firmly 
interlocked below with the trochlear astragalus, Tba 
hael-bone- fields backwarda a long laver4ike proeesa fof 
Ihe fitvorable insertion of the astensoia of the foot^ This 
member is of very unusual length. The innermost toe, 
or hallux, is absent ; the second and third toes are ex-* 
tremely slender, inclosed aa £ac as the ungual phalanx in a 
common Md of integmaant) and redqoed to the lunation 
af oJeannng the fhr. The offioes of support and progrea? 
sion are performed by the two outer toes, iv and i^, and 
principally by the fourth, which is enormously developedi 
and terminated by a long, strongs thvee-sided, bayonalf* 
shaped daw ; these two toes are supported, as usual, hy 
the OS cuboides, which is correspondingly large, whibl 
the naviculare and the cuneiform bones are proportion- 
ally reduced iu size. The bones of the fore-limb, though 
Qooiparatively dimmnttve, pffosont all the oompdeaitias of 
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struGlure of the nngaieulate Hinb. The davidle, 58, oon- 
neots the acromion with the sternum, and affords a folcmm 
%o the shoulder-joint. The humerus, articulating below 

with a radius and ulna which can rofhte on each other, 
develops ridges above both inner and outer condyles for 
the extended origin of the muscles of pronation and 
supination. The brachial artery pierces the entooondjloid 
ridge. The carpal bones, answering to the scaphoid and * 
lunar in the human wrist, are here confluent. The digits 
are five in number, enjoy free, independent movements, 
ard are each terminated by a sharp-curyed daw. 



SKELETON OF THE QUADRUMANA. 

The sloth is an exclusively arboreal animal ; its diet is 

foliage ; it has but to bring its mouth to the leafy food, 
and the lips and tongue serve to strip it from the branches. 
The extremities, as we have seen, serve mainly to climb 
and cling to branches, and occasionally to hook down a 
tempting twig within reach of the mouth. There is, how- 
ever, another much more extensive and diversified order 
of arboreal mammals destined to subsist on the fruits and 
other more highly developed products of the vegetable 
kingdom than mere leaves. In the monkeys, baboons, 
and apes the extremities are endowed with prehensile 
faculties of a more perfect and varied character than in 
the sloths ; and this additional power is gained by a full 
development of the digits in normal number, with free 
and independent movements, which in one of them — the 
first or innermost — are such as that it can be opposed to 
the rest, so that objects of various size can be grasped. 
This modification converts a foot into a hand ; and, as the 

18* 
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maxnmala in question have the opposable "thumb" oa 
both fore and hind limbs, they are called "quadrumana," 
or four-handed. The rest of the limb manifests a corre- 



Fig. 46. 




SKKI.F.TON." or OUANC {PithcriiH sntyrns) AND MAN. 
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$jpoufiivkg oofnpl^ity or pcrfectioQ structure ; tlie trunk 
1^ acy QflMr Ip BttOQfi, yifiMk th^ iMsUottB of t^cb iBStrumeiitii 
fud tho Itntin is dor^Ioped Ib proportion wkli the powef 

of executing so great a variety of actions and movement^ 
as the four-hanjded structure gives capacity for. 

Ia the 0kaU of the quadrumai^.a^seeD indHV^ions q( 
% emwmtMt pm&QiMm of ^9 lif^ orU«9 
are entire, and directed forwards, with their outlets almost 
on the same plane; both eyes can thus be brought to bear 
upoa the mPiQ pl^pt, Tl^Q rest of th@ face, formed by 
the ^w«^ hi^Q0 tp bev n m»Uer proportion to th^ 
progmttToly esqwndiog <^9iu W- The neek, of mo^e* 
rate lengthy has its seven vertehi8» weU developed, with 
the costal processes large in the fifth and sixth: the dorsal 
vertebras, twelve, ia the species figured {Piihecus saiyrus)^ 
show, by U)e oonvergeace of th?ir spinea towards the ver^ 
Ijcal one on the ninth, that this ia the centre of movement 
of the trunk. The lumbar vertebras are four in number; 
in the inferior monkeys they are seven, and the anterior 
oaes a;re firmly in|erlocked by weli-dcvoloped anapophy* 
tea aad metapophj^es* 7^e sacrum i» still long mi 
narrow. The tail, in some of tlie lower quadrumana, ie 
of great length, including 30 vertebra) in the red monkey 
{Cereopithecus ruher\ in which the anterior ones arc com- 
plicated by having h^amal arcliea. The clavicles are en- 
tile in all quadrumana. The humerus has its tuberoaitiee 
and oondyknd orests well developed. The radius rotates 
freely on the ulna. The wrist has nine bones, owing to 
a division of the scaphoid, besides supplementary sesa? 
molds adding to the force of some of the muscles of the 
hand; the thumb is proportionaUy shorter in the fore than 
in the hind fool. The patella is ossified, and in moat 
baboons and monkeys there m a fabella behind each con- 
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dyle of the femar. The fibula is entire, and articiilated 
with the tibia at both ends. The tarsus has the same 

number and relative position of the bones as in man ; but 
the heel-boue is shorter, and the whole foot rather more 
obliquely articulated upon the leg, the power of grasping 
being more eared for than that of supporting the body ; 
the innermost toe forms a large and powerful opposable 
thumb. 

There is a well-marked gradation in the quadnimanous 

series from the ordinary quadrupedal to the more bipedal 
type. In the lemurs and South American monkeys, the 
anterior thumb is shorter and much less opposable than 
the hinder one; in the spider-monkeys it is wanting, and 
a compensation seems to be given by the remarkable pre- 
hensile faculty of the curved and callous extremity of the 
long tail. This member, in the African and Asiatic mon- 
keys, is not prehensile, but the thumb of the fore-hand is 
opposable. In the true apes, the tail is wanting, i. e, it is 
reduced to the rudiment called "os coccygis;" but the 
, fore-arms are unusually developed in certain species, hence 
called " long-armed apes." These can swing theinsel^ 
rapidly from bough to bough, traversing wide spaces in 
• the aerial leap. The orang (Fig. 45) is also remarkable 
for the disproportionate length of the arms^ but this dif- 
ference from man becomes less in the chimpanzees. The 
large species called (jorilla, which of all brutes makes the 
nearest approach to man, is still strictly quadrumanous;" 
the great toe, or hallux," being a grasping and oppos- 
able digit. But the hiatus that divides this highest of the 
ape tribe from the lowest of the human species, is more 
strikingly and decisively manifested in the skull (Fig. 50). 
The common teeth in the male gorilla are developed, as 
in the male orang, to proportions emulating the tusks of 
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1b» liflir; 1ibfi(f ^ )mm^Y^, YWom of eppubujt sfiA de- 
fence in these great apeS) which are strictly frugivorous, 
Nevertheless, the muscles that huve to work jaws so armecl 
xe^uire modificationfi of the cranium akia to those thaft 
cbaracterize the Uod, vi^ : great iaterpanetal, 7, and oGoi« 
pital, 3, cristiB and massive zygomatic arches. The spine^ 
of the cervical vertebrae ai'e greatly elongated in relation 
to th^ rapport of |» iM^^ll, fi^pi^ part of wbicti 
extends so &r in advance ipf ii^ joint between the head 
^nd neck. The chimpanzees, moreover, diiler from man 
in having thirteen pairs of thoracic movfkbl^ ribs. Th^ 
]a^g find #at Uj^ bo^e% 6^1 tln^ i^f^ 65,, so artU 

Qoieltod witl?t th^ leg-bones, 66, as ^ letaii;! liabitaally % 

bent position of the knee, tlic iihort calcanea, c, and th^ 
inward inclination of the sole of the foot, all indicate, ii^ 
tbe big];^ as in th^ low^ quadf uq^ana, aaa inaptitude 
toat the erect position, and a compensating gain of clinib* 
ing power favorable for a life to be spent in trees. 

In the o&teoiogic^l structure ms^n (Fig. 46),^ the ver- 
tebii^te i^rchetjpe is furthest darted from bj res^on of 
the extreme modifications required to ai^ust it to the pe* 
culiar posture, locomotiou, and ei^djess vi^fiety of 9.ction3 
flk^faiiitensUQ gi the human race. 

Inhere is nothing, short 9fftigH.dQi^ by t^e mpvmg 
powers of other animals that serpents cannoli do by th^ 
vertebral column alone, so there is no analogous action 
fu* i^ode of motion that man cannot perform, and mostly 
hotter^ by his wond^ully developed limbs. The report^ 
of the achievements of our athletes, prize wrestlers, prize 
pedestrians, funambulists, and the records of the shark- 
, puiauing and shari^-sI^ying amphibious Polynesians, of 
the equestrian pe^sple of the Pampas^ of the Alpine 
(holers of the c^f^i^q^. and pf thq scanaorial bark-atrip; 
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pers of Aqoitaine, ooncnr ia testifjriiig to the intensity of 
tboseyaried poiren^ wbra educed bjhalMi mud bj skilled 
pnustice. The peifeetian of almost all modifications of 

active and motive structures seems to be attained in the 
human frame, bat it is a perfection due to especial adapta- 
tion of the vertebrate type, with a proportional depart- . 
nre from its fbndamentid pattern. Let ns see how this 
is exemplified in the skeleton of man (Fig. 40), viewing 
it from the foundation upwards. 

In the typical mammalian foot^ the digits decrease from 
the middle to the two extremes of the series of five toes; 
and in the modifications of this type, as we have traced 
them through the several gradations (pp. 185, 187, Figs. 
S5-d9),theinnermo8t^t^ is the first to disappear. In man, 
it is the seat of excessive development, and receives the 
name of ''hallux," or "great toe;" it retaiDS, however, its 
characteristicinferior number of phalanges. The tendons 
of a powerful muscle, which in the orang and chimpanM 
are inserted into the three middle toes, are blended in 
man into one, and this is inserted into the hallux, upon 
which the force of the muscle now called "flexor longns 
pollicis'' is exclusively concentrated. 

The arrangement of other muscles, in subordination to 
the peculiar development of this toe, makes it tlie chief 
fulcrum when the weight of the bodj is raised bj the 
power acting upon the heel, the whole foot of man exem- 
plifying the lever of the second kind. The strength' and 
backward production of the hecl-bone, c, relate to the 
auglnentation of the power. The tarsal and metatarsal 
bones are coadjusted so as to form arches, both length- 
wise and across, and receive the superincumbent weigh* • 
from tlio tibia on the summit of a bony vault, which has 
the advantage of a certain ehsticitj combined with sde- 
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quate strength. In propoiikm to ihe trank, the pelvio 

limbs are longer than in any other animal; they even 
exceed those of the kangaroo, and are peculiar for the 
superior leogth of the femur, 65, and for the capaoitj of 
.this bone to be brought, when the leg is extended, into 
the same line with the tibia, 66; the fibula, 67, is a dis- 
tinct bone. The inner condyle of the femur is longer 
dian the outer one, so that the shaft inclines a little out- 
wards to its ui^r end, and joins a neck longer than in 
other animals, and set on at a very open angle. The 
weight of the body, received by the round heads of the 
thigh-bones, is thus transferred to a broader base, and its 
support in the upright posture facilitated. The pelvis is 
modified so as to receive and sustain better the abdominal 
viscera, and to give inoreased attachment to the muscles, 
especially the "glutei," which, comparatively small in 
Other mammals, are in man vastly developed to balance 
the trunk upon the legs, and reciprocallj to move these 
upon the trunk. The great breadth and anterior conoa- 
▼itj of the ilium, 62, are characteristic modifications of 
this bone in man. The pelvis is more capacious, the 
tuberosity of the ischium is less prominent, and the sym- 
physis pabds shorter, than in apes. The tail is reduced 
to three or km stunted vertebrso, anchylosed to form the 
bone called "os coccygis." The five vertebrte which coa- 
lesce to form the sacrum, are of unusual breadth, and the 
free or ^*true'' vertebrso, that rest on the base of the sacral 
wedge, gradually decrease in size to the upper part of the 
ehest; all the free yertebrsB, divided into five lumbar; 
twelve dorsal, and seven cervical, are so articulated as to 
• . describe three slight and graceful curves, the bend being 
forward in the loins, backward in the chest, and forward 
again in the neck. A soft elastic ouBhion, of '4nterver« 
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br». The distribution and libratkm bf th^ trunk, with 
the superadded weight of the head and arms, are favored 
by these gentle curvea, and the shock in leaping is brokjen 
aiDd diffused by the mmidarafuB i^iuittc intettttrteblal jointik 
The cxpansioii of the draiihiH belhfftd, and cdioitefiing 
of the face in front, give a globe-like form to the skull, 
which is poised by a pair of condyles, advanced to near 
the middle of its baae upon the dups of the atias-J so that 
there is but • alight tttifllelicy to ittditte ^sftmadm Wbettt 
tiM bahmdng aotiim «f the mti^efes emi^ aA mhm IM 

head nods during sleep in an upright posture. 

The firamework of the upper extremity shows all the 
|wrfeotiQiMi that have Imn aupmitdticed upon it in th^ 
wmnnnaliaii Mtrks, vist a oomplete c2avid«» 58^ afttlbrfr 
ehial boneSj 54, 55, with rotatory movements a6 well Hi 
those of flexion and extension, and the five digitf?, 67,' 
free and endowed with groat extent and variety of move- 
menta: of tfaese^ the i&nenAOBty which is th6 At^ t# 
iriiimk teid disappear in the lower mamnittlia, h ih ttiiuf 
libe strongest, and is modified to form an opposable thumb 
more powerful and effective than in any of the quadru- 
inana. The aoapnk, 51, pceaents an expanded aoirface of 
attaduneat for the' nraa^ea whioh work tbe arm in iM 
free socket; the hnmenis, 53, exceeds in length the bonet 
of the fore-arm. The carpal bones, 56, are eight in num- 
ber, called seaphoidesi lunare, ouneiforme, pisilbrme, tra- 
peziim^ trapeflEoideBy Hagnam, and nacifonnes of these 
the 8oa|)hoid and tinoilbrme wnf compound bdnea; 
they consist each of two of the bones of the type-carptis, 
connate. 

In the hnman skull, viewed in relation to the arche- 
type^ aa extoipiifiedin the iah and the efooodile,' tbft ^ 
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lowing extreme modifications have been established. In 
the occipital segment, the haemal arch is detached and 
displaced, as in all vertebrates above fish; its pleurapo- 
physis (scapula, 51) has exchanged tlie long and slender 
for the broad and flat form ; the hiemapophysis (coracoid, 
52) is rudimental, and coalesces with 61. The neurapo- 
phjses (exoccipitals, 2) coalesce with the neural spine 
(superoccipital)^ and next with the centrum (basioocipital). 
This afterwards coalesces with the centrum (basisphenoid) 
of the parietal segment. With this centrum also the 
neurapophyses, called "alisphenoids," and the centrum of 
the frontal vertebra, called " presphenoid," become anchy- 
losed. The neural spine (parietal) retains its primitive 
distinctness, but is enormously expanded, and is Infid, in 
relation to the vast expansion of the brain in rnan. The 
parapophysis (mastoid) becomes confluent with the tym- 
panic, petrosal, and squamosal, and with the pleurapo- 
phjsis, called ''stylohytl," of the hnraal (hjoidian) aieh. 
The h»mapophysis is ligamentous, save at its junction 
with the haemal spine, when it forms the ossicle called 
" lesser cornu of the hyoid bone," the spine itself being 
the basih jal or body cKf the hyoid bone. The whole of 
this inverted arch is much reduced in mxe, its functions 
being limited to those of the tongue and larynx, in regard 
to taste, speech, and deglutition. The neurapophyses 
(orbitosphenoids) becoming confluent with the ceutrum 
(presphenoid) of the &ontal vertebra, and the latter coi^ 
kecing with that of tiw parietal vertebra, the compound 
bone called "sphenoid" in anthropotomy results, which 
combines the centrums and neurapophyses of two cranial 
vertebrae, togeth^ with a diverging appendage (ptery* 
goid) of the maxillaTj ardi. 
The knowledge of the essential natee of sanAk a com* 
19 



Digitized by Google 



218 MODIFICATIONS OF THE HUJCAN SKttLSTON 

pound bone giyes a clue to the phenomena of its develop- 
ment from 80 many separate pointSi which final causes 

could never have satisfactorily afforded. As the centrum, 
5, becomes confluent with No. 1, a still more complei^ 
whole results, which has accordingly been described as a 
single bone, under the name of '*08 spheno-oocipital" m 
some anthropotomies. Such a bone has not fewer than 
twelve distinct centres of ossification, corresponding with 
as many distinct bones in the cold-blooded animals that 
depart less from the vertebrate archetype. The spine of 
the frontal vertebra (frontal bone) is much expanded and 
bifid, like the parietal bone; but the two halves more fre- 
quently coalesce into a single bone, with which the para- 
pophysis (postfrontal) is connate. The pleurapophysis of 
the haemal arch (tympanic bone) is reduced to its function 
in relation to the organ of hearing, and becomes anchy- 
losed to the petrosal, the squamosal, and the mastoid. 
The hssmapophysis is modified to form the dentigerous 
lower jaw, but articulates, as in other mammals, with a 
diverging appendage (squamosal) of the antecedent hfiemal 
arch, now interposed between it and its proper pleurapo- 
physis; the two. hasmapophyses, moreover, become con- 
fluent at their distal ends, forming the symphysis mandi- 
bulffi. 

The centrum of the first or nasal vertebra^ like that of 
the last vertebra in birds, is shaped like a ploughshare, 

and is called "vomer;" the neurapophyses have been sub- 
ject to similar compression, and are reduced to a pair of 
vertical plates, which coalesce together, and with parts of 
the olfiu^ry capsules (upper and middle turbinals) form- 
ing the compound bone called " aethmoid ;" of which the 
neurapophyses (prefrontals) form the "lamina perpendicu- 
laris" in human anatomy. The prefrontals assume this 
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confluence and concealed position even in some fishes — 
Qciphiaa^ e. g. — and repeat the character in all mammalia 
and in most birds ; but they become partially exposed in 
the ostrich and the batrachia. The spine of the nasal 
vertebra (nasal bones) is usually biiid, like those of the 
two succeeding segments; but it is much less expanded. 
The haemal, called " maxillary" arch, is formed by the 
pleurapophyses (palatines) and by the hnmapophyaei 
(maxillaries), with which the halves of the bifid hsomal 
spine (premaxillaries) are partly connate, aud become 
completely confluent. Each moiety, or premaxillary, is 
reduced to the size required for the lodgement of two yer* 
tical incisors: as the canines in man do not exceed the 
adjoining teeth in length, and the premolars are reduced 
to two in number, the alveolar extent of the maxillary is 
short, and the whole upper jaw is very slightly promi* 
nent 

Of the diverging appendages of the maxillary arch, the 

more constant one, called " pterygoid," articulates with 
the palatine, but coalesces with the sphenoid ; the second 
pair, formed by the malar, 26, and squamosal, 27, has been 
subject to a greater degree of modification; it still per- 
forms the function assigned to it in lizards and birds, 
where it has its typical ray-like figure, of connecting the 
maxillary with the tympanic ; but the second division of 
the appendage (squamosal) which began to expand in the 
lower mammalia, and to strengthen, without actually 
forming part, of the walls of the brain-case, now attains 
its maximum of development, and forms an integral con- 
stituent of the cranial parietes, filling up a large cavity 
between the neural arches of the occipital and parietal 
• segments. It coalesces, moreover, with the tympanic^ . 
mastoid, and petrosal, and forms, with the subsequently 
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anchylosed stylohyal, a compound bone called " temporal" 
in human anatx^my. The key to the com})lex beginaiDg 
of this "cranial" bone ia again given by the discovery of 
the general pattern on which the skulls of the yertebrata 
animals have been constructed. In relation to that pat> 
tern, or to the archetvpe vertebrate skeleton, the human 
temporal bone includes two pleurapophyses, '68 and 28, a 
parapopbysisi 8, part of a diveiging appendage, 27, and a 
sense-capsule, 16. 

The departure from the archetype, which we obserre 
in the human skull, is most conspicuous in the neural 
spines of the three chief segments, which, archetypally, 
may be regarded as deformities by excess of growth to 
fulfil a particular use, dependent on the maximisatioa oi 
the brain ; the deviation is again marked by arrest of 
growth or suppression of parts, as e. g. in certain parapo- 
physes, and in the hffimal arch of the parietal segment; it 
is most frequenily exemplified in the coalescence of parts 
primarily and archetypally distinct; and it is finally mani- 
fested by the dislocation of a part, viz : the liicraal arch 
of the occipital segment — the diverging rays of which 
bave become tiie seat of that marvellous developmeiit 
which has resulted in the fonnatloB of tbe osseous basis 
of the human hand and arm. With the above explana- 
tion the structure of the human skull can be intelligibly 
comprehended, and not merely empirically understood, 
as through the absolute desc^pttons penned in reference 
lo material and utilitarian requirements, and without re* 
ference to the great scale of vertebrate structures, of which 
man is the summit. 

The fruit of a series of comparisons, extended over all 
tbe vertebrate kingdom, being the recognition of tbe • 
ardietype governing the structure of the veortebrate sketo- 
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ton, the expression of such knowledge has necessitated 
the 086 of genend terms, such as '^yertebra,^ for the s^- 
ments of the skeleton, " neurapophyses," for a constant 
element of such segment, and the like " general names" 
fi>r other elements. When any of these elem^ts ai6 
modified fov special fanctions, then also a special name 
for it becomes a convenience, as when a " pleurapophy- 
sis" becomes a jaw or blade-bone, <fcc., a "diverging ap- 
pendage" an arm or a leg. Deep thinking anatomists 
have heretofore caught glimpses <k these higher, or more 
general, relations of the vertebral elements, when much 
modified or specialized, as e. g. in the head, and have tried 
to give expression to the inchoate notion, as when Spix 
called the " maxillary arch" the " arm of the head." These 
glimpses of a great truth were, however, ill received; and 
Cavier alluded to them, with ill-disguised contempt, as 
being unintelligible and mystical jargon, in his great work 
on Fossil Animals (1825). But the error or obscurity 
lay rather in the mode of stating the relationship of cer- 
tain bones of the head to those of the trunk, than in the 
relationship itself: in the endeavor, g. to express the 
relation by special instead of general terms. Even in 
1845, the learned and liberal-minded editor of Baron Cu- 
vier's last course of lectures, M. de Saint Agy, comment- 
ing upon the osteolc^cal essays of Spix and Oken, 
remarks: "For my part, an * upper-jaw' is an upper-jaw,' 
and an ' arm' is an * arm.' One must not seek to originate 
an osteology out of a system of metaphysics."^ But a 
jaw is not the less a jaw because it is a "haamapophysis," 

*■ ** Pour m<A, job mfkobolre'supeiieore est une miohoire 8iiperieiir«» 
et on brat ert uii bras. 11 ne faut pas cberobor & faire sortir rosteologit 
d*Qii syst^me de metaphysique." 

19* 
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nor is an arm the less an arm beeanae it is a ^'diyefrging 
appendage." In tbe same spirit a critie might write: 

"Newton calls this earth a 'plauet,' and the moon a 'sa- 
tellite;' for me the earth is an earth, and the moon is a 
moon. One must not strive to make an oniandogy out 
of a system of metaphysics.** After the first recognition 
of a thing, one may seek to penetrate, and succeed in 
knowing, its essential naturei and yet keep within the 
bonnds of natore. 

In no class of vertebrate animab is the progressive 
superiority of the cranium over the face marked by such 
distinct stages as in the mammalia. Yarions methods 
« of determining these proportions bave bem proposed ; 
bnt the only satis&^tory one is by oomparing vertical 
sections of the sknll, as in the series figured in the cuts 
47—52. 

In the cold-blooded ferodous erocodile (Fig. 47), the 



Fig. 47. 




cavity for the brain, in a skull three feet long, will 
scarcely contain a man's thumb. Almost all the skull is 
made up of tbe instruments for gratifying an insatiable 



Fig. 48. 




ALBATROSS. 
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piopeDBiiy to slirf and devoor; it m tbe material symbol 
of the lowest animal passion. 

In the bird (Fig. 48), the brain-case has expanded ver- 
tically and laterally, but is contiaed to the back part of 
%h% dLull. In the small singing birds, with ghorter beaks, 
the proportion of the eranial cavity becomes mucb greater. 



Fig. 49. 




Doa. 



In the dog (Fig. 49), the brain-case, with more capacity, 

begins to advance further forward. In the chimpanzee 

Fig. 50. 




CBIUPANZEE. 



(Fig. 50X the capacities or area of the craninm and face 
are about eqnal. In man, the craniid area vastly surpasses 

that of tbe face. 
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A difference in this respect is noticeable between the 
savage (Fig. 51) and civilized (Fig. 52) races of mankind; 
but it is immaterial as compared with the contrast in this 
respect presented by the lowest form of the human head 
(Fig. 51) and the highest of the brate species (Fig. 50). 



Fig. 61. 



Fig 52. 




AUBTBALIAX. 



■UBOnAV. 



Such as it is, however, the more contracted cranium is 
commonly accompanied by more produced premaxillaries 
and thicker walls of the cranial cavity, as is exemplified 

in the negro or Papuan skull. 

If a line be drawn from the occipital condyle along the 
floor of the nostrils, and be intersected by a second touch- 
ing the most prominent parts of the forehead and upper 
jaw, the intercepted angle gives, in a general way, the 
proportions of the cranial cavity and the grade of intelli- 
gence ; it is called the facial angle. In the dog, this angle 
is 20*^ ; in the great chimpanzee, or gorilla, it is 40°, but 
the prominent superorbital ridge occasions some exagge* 
ration ; in the Australian it is 85° ; in the European it is 
95^. The ancient Greek artists adopted, in their beau 
ideal of th^ beautiful and intellectual, an angle of 100. 
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COKCLUDINO BEHABKS. 

A retrospect of the varied forms and proportions of the 
skeletons of animalsi whether modified for aquatic, aerial, 
or terrestrial life, will show that whilst they were per- 
fectly and beautifully adapted to the sphere of life and 
exigences of the species, they adhered with remarkable 
oonskaiu^ to that general pattern or archetype which was 
first manifested on this planet, as Geology teaches, in the 
class of fishes, and which has not been departed from even 
in the most extremely modified skeleton of the last and 
highest form which Greatiye Wisdom has been plessed to 
place npon this earth. 

It is no mere transcendental dream, but true knowledge 
and legitimate fruit of inductive research, that clear in- 
sight into the essential nature of each element of the bony 
framework, which is acquired by tracing them step by 
step, as €. g. from the unbranched pectoral ray of the 
lepidosiren to the equally small and slender but bifid 
peetoial raj of the amphiame, thence to the similar but 
trifid ray of the proteus, and through the progressively 
superadded structures and perfections of the limbs in 
higher T^tiles and in mammals. If the ^cial ho- 
mology of each part of the diverging appendage and its 
support ing arch are recognizable from man to the fish, 
we cannot close the mind's eye to the evidences of that 
higher law archetypal conformity on which the yerj 
power of tracitig the lower and more special correspond- 
ences depend. 

Buflbn has well remarked, in the Introduction to his 
grefkt work on Natural History^ "It is only by oompar« 
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ing that we can jadge, and onr knowledge tnniB entirelj 
on lihe relations that tilings bear to those which resemble 

them and to those which differ from them; so, if there 
were no animals, the nature of man would be far more 
incomprehensible than it is." 

And if this be trne, as to man's general nature and 
powers, it is equally so with regard to his anatomical 
structure. 

. In the same spirit our philosophic poet felt that — 

"'Tis the sublime of man. 
Our noontide majesty, to know ourselves 
Part and proportions of a wondrous whole." — Colkudob. 

Yertebrated animals of progressiyelj higher grades of 
structure have existed at successive periods of time on 

this planet, and they were constructed on a common plan 
with those that still exist. 

Some have concluded, therefore, that the characters of 
a species became modified in successiye generations, and 
that it was transmuted into a higher species ; a reptile, 
e. g. into a mammal; an ape, into u negro. Let us con- 
sider, therefore, the import and value of the osteological 
differences between the gorilla — the highest of all apes — 
and man, in reference to this ''transmutation hypothesis." 
The skeleton of an animal may be modified to a certain 
extent by the action of the muscles. By the develop- 
ment of the processes, ridges, and crests, the anatomist 
judges of the muscular power of the individual to whom 
a skeleton under comparison has appertained. A very 
striking difference from the form of the human cranium 
results from the development of certain crests and ridges 
for the attachment of muscles, in the great apes; but 
none of the more important differences^ on which the 
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naturalist relies for the determination of the genus and 
species of the orangs and chimpanzees, have such an 
origin or dependent relation. The great superorbital 
ridge, e, g. against whiok the facHal line rests in Fig. 50, 
is not the oonseqnence of mnscular action or develop- 
ment : it is characteristic of the genus Troglodytes from 
the time of birth ; and we have no grounds for believing 
it to be a character to be gained or lost through the ope- 
rations of external causes, inducing particular habits 
through successive generations of a species. 

No known cause of change productive of varieties of 
mammalian species could operate in altering the size, 
shape, or connections of the prominent premaxillary 
bones, which so remarkably distinguish the great Trogh- 
dytes gorilla from the lowest races of mankind. There is 
not, in fact, any other character than that founded upon 
the development of bone for the attachment of muscles, 
which is known to be subject to change through the 
operation and influence of external causes. Nine-tenths 
of the differences which have been cited (see the Tra/nsac- 
tioiis of the Zoological Society^ vol. iii. p. 413), as distin- 
guishing the great chimpanzee from the human species, 
must stand in contravention of the hypothesis of trans- 
mutation and progressive development, until the acceptors 
of that hypothesis are enabled to adduce the facts demon- 
strative of the conditions of the modifiability of such 
characters. Moreover, as the generic forms of the ape 
tribe approach the human type, they are represented by 
fewer spedes. The unity of the human species is demon- 
strated by the constancy of those osteological and dental 
peculiarities which are seen to be most characteristic of 
the himana in contradistinction from the qicadrumana. 

Man is the sole species of his genus {homoy^ihe sole 
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representative of his order (bimana); he has no nearer 
physical relations with the brute kind than those that 
belong to the characters which link together the ungaicu* 
late diyision of the mammalian class. ' 

Of the nature of the creative acts by which the sncoes- 
sive races of animals were called into being, we are igno- 
rant. But this we know, that as the evidence of unity 
of plan testifies to the oneness of the Creator, so tfao 
modifications of the plan for different modes of ezistenoe 
mnstrate the beneficence of the Designer. Those stmc- 
tures, moreover, which are at present incomprebeusible 
as adaptations to a special end, are made comprehensible 
on a higher principle, and a final purpose is gained in 
relation to human intelligence; Ibr in the instances where 
the analogy of humanly invented machines fails to ex- 
plain the structure of a divinely created organ, such 
organ does not exist in vain if its truer comprehension, 
in relation to the Divine idea^ or prime Ezemj^, lead 
rational beings to a bettor conception of thw own origin 
and Creator. 
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At the commenceineut of the Treatise ou the Prin- 
cipal Forms of the Skeleton, it was stated that " tooth," 
like "bone^" was the result of the combination of certain 
earthy salts with a pre-existing cellular basis of animal 
matter. The salts, as shown in a subjoined table, are 
nearly the same as those in bone, but enter in a larger 
proportion into the composition of tooth, and render it a 
harder bodj. So composed, teeth are peculiar t6 the 
back-boned (vertebrate) animals, and are attached to 
parts of the mouth, commonly to the jaws. They pre- 
sent many varieties as to number, size, form, structure, 
position, and mode of attachment, but are principally 
adapted for seizing, tearing, dividing, pounding, or grind- 
ing the food. In some species they are modified to serve 
as formidable weapons of offence and defence; in others, 
as aids in locomotion, means of anchorage, instruments 
for uprooting or cutting down trees, or for transport and 
working of building materials. They are characteristio 
of age and sex; and in man they have secondary rda* 
tions subservient to beauty and to speech. 

Teeth are always intimately related to the food and 
20 
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Fig. 68. 



habits of the animal, and are, therefore, highly interest- 
ing to the physiologist. They form, for the same reason, 
important guides to the naturalist in the classification of 

animals ; and their value, as zoolo- 
gical characters, is enhanced by the 
facility with which, from their posi- 
tion, they can be examined in liv- 
ing or recent animals; whilst the 
durability of their tissues renders 
them not less available to the palsd- 
onthologist in the determination of 
the nature and affinities of extinct 
species, of whose organization they 
are often the sole remains disoore- 
rable in the deposits of former 
periods of the earth^s history. 

The substance of teeth is not so 
uniform as in hone, but coneiflls 
commoilly of two or more tissues, 
characterized by the proportions 
of their earthy and animal consti- 
tuents, and by the size, form, and 
direction of the csvities in ibe ani- 
mal basis which contain the earth, 
the fluid, or the vascular pulp. 
The tissue which forms the body 
of tbe tooth is called ^'dentine" {doMmtn^ Lat), Fig. 
53, 1. 

The tissue which forms the outer crust of the tooth is 
called the "cement*' {ccBm$niumf and eruita petuxmf Lat-X 
A. a 

The third tissue, when present, is situated between the 
dentine and cement, and is called '*enamer' {enaanstum^ 
or adofrms^ Lat.), %b, 4. 




•itoTioH or HUMAir nrcisoR 
TOOtB (nmgiiifled). 
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"Dentiae" consists of an organized animal basis dis-. 
posed in the form of extremelj minute tubes and cells, 
and of earthy partides; these partieles have a twofold 
arnrngement, being either blended with the animal mat- 
ter of the interspaces and parietes of the tubes and cells, 
or contained in a minutely granular state in their cavities. 
The density of the dentiue arises principally (rom the 
proportion of earth in the first pf these states of combina- 
tion. The tnbes and cells contain, besides the grannlar 
earth, a colorless fluid, probably transuded "plasma," or 
"liquor sanguinis," and thus relate not only to the me- 
chanical conditions of the tooth, but to the vitality and 
nutrition of the dentine. 

In hard or true dentine, the tnbes called "dentinal 
tubes" diverge from the hollow of the tooth, called "pulp- 
cavity," and proceed with a slightly wavy course at right 
angles, or nearly so, to the outer surface. The hard sub- 
stance of the tooth is thus arranged in hoUow columns, 
perpendicular to the plane of pressure, and a certain 
elasticity results from their curves: they arc upright 
where the grinding surface of the crown receives the 
appulse of the opposing tooth, and are horizontal where 
they have to resist the pressure of contiguous teeth. In 
Fig. 64, a highly magnified view is given of a small por- 
tion of human dentine, showing the tubuli, in the inter- 
tubular substance, with the traces of the primitive cellu- 
lar constitution of that substance. For the mode in 
which the nucleated cells pf the primary basis of the 
tooth, called "tooth-pulp," are converted into dentine, 
reference may be made to the author's " Odontography" 
(Introd., plates 1 and 2). The tubuli, besides fulfilling 
the mechanical ends above stated, receive the plasma 
transuded from the remains of the vascular pulp, which 
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circulates, by anastomosing branches of tbe tubuli and 
by the plasmatic celJs of the intertubular substance, 
through the dentine, m^ntaining a safficient though 
languid Titalitj of the tissue. The delicate nerre- 
brancbes aa the pulp's sui&oe, some minute produotioa . 



Fig. 54. 




8B0TI0M OF HVHAll TOOTH (bigblj DUIgQifiod). 

of which may penetrate the tubuli, convey sensations of 
impressions affecting the dentine— sensations of which* 

every one has experienced the acuteness when decay has 
affected the dentine, or when mechanical or chemical 
Stimuli have set the tooth on edge but true ^^dentine" 
has no canals large enough to admit capillary vessels 
with the red particles of blood. 

The first modification of dentine is that in which capil- 
lary tracts of the primitive vascular pulp remain uncal- 
cified, and permanently carry red blood into the substance 
of the tissue. These so-called " vascular canals" present 
various dispositions in the dentine which they modify, 
and which modification is called " vaso-dentine." It is 
often combined with true dentine in the same tooth, e, 
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m the large incisors of certain rodents, the tusks of tba 
elq>baat, the molars of the extinct igoanodon. 
A seoond modification of the fundamental tissue of the 

tooth is where the cellular basis is arranged in concen- 
tric layers 4bround the vascular canals, and contains 
"radiated cells" like those of the osseous tissue; it is 
called "osfeeo^entine." The transition from dentine to 

vaso-dentine, and from this to osteo-dcntme, is gradual, 
and the resemblance of osteo-dentine to true bone is very 
close. 

Cement" always closely corresponds in texture with 

the osseous tissue of the same animal ; and wherever it 
occurs of suf^cient thickness, as upon the teeth of the 
horse, sloth, or ruminant, it is also traversed, like bone, 
by vascular canals. In reptiles and mammals, in which 
the animal basis of the bones of the skeleton is excavated 
by minute radiated cells, these are likewise present, of 
similar size and form, in the cement, and are its chief 
characteristic as a constituent of the tooth. The relative 
density of the dentine and cement varies according to 
the proportion of the earthy material, aud chiefly of that 
part which is combined with the animal matter in the 
walls of the cavities, as compared with the size and num- 
ber of the cavities themselves. In the complex grinders 
of the elephant, the masked boar, and the capybara, the 
cement, which forms nearly half the mass of the tooth, 
wears down sooner than the dentine. 

The "enamel" is the hardest constituent of a tooth, 
and consequently the hardest of animal tissues; but it 
GODsists, like the other dental substances, of earthy mat- 
ter, arranged by organic forces in an animal matrix. 
Here, however, the earth is mainly contained in the 
canab of the animal membrane, and in mammals sfiii 

20* 
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reptiles, completely fills those canals, whicli" are compa- 
ratively wide, wlulst their parietes are of extreme tenuity. 



CHEMICAL COMPOSITION OF TEJiTH.^ 
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The examples are extremely few, and, as far as I know, 
are peculiar to the class Fisoea^ of calci&ed teeth, whicli 
eonsist of a single tissae, and this is always a modifica- 
tion of dentine. The large pharyngeal teetli of the 
wrasse {Lahrus) consist of a very hard kind of dentine. 

The next stage of complexity is where a portion of the 
dentine is modified by vascular canals. Teeth, thus 
com})osed of dentine and vasodentine, are very common 
in fishes. 

The hard dentine is always ^external, and holds the 
place and performs the office of enamel in the teeth of 

higher animals. The grinding teeth of the dugong, and 
the conical teeth of the great sperm whale, are examples 
of teeth composed of dentine and cement, the latter tissue 
forming a thick external layer. 

In the teeth of the sloth, and its great extinct conge* 

> Selected from the nnulytlc tables givea io tho ftUthor'A '*Ocloiltogll|* 
phy," 4to. vol. \, pp. Uii, Ixiy. (1840.) 
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ner, the megatherium, the hard dentine is reduced to a 
thin layer, and the chief balk of the tooth is made up of 
a central body of vaao-dentine, and a thick external cmat 

of cement. The hard dentine is, of course, the firmest 
tiflsae of a tooth so composed, and forms the crest of the 
tnosveiBe ridges of the grinding snrftipe, like the enamel 
plates in the elephant's grinder. 

The human teeth, and those of the carnivorous mam- 
mals, appear at first sight to be composed^ 
of dentine and enamel only; but their 
crowns are originally, and their &ngs 
are always, covered by a thin coat of 
cement. There is also commonly a small 
central tract of osteo-dentine in old 
teeth. 

The teeth, called compound or com- 
plex, in mammalia^ diSei as regards their 
composition firom the preceding only by 
the different proportion and disposition 
of the constituent tissues. Fig. 55 is a 
longitudinal section of the incisor of a 
hoise; d is the dentine, e the enamel, and 
c the cement, a layer of which is reflected 
into the deep central depression of the 




crown; 8 indicates the colored mass of 



SECTION OF H0R8K t 

ncisoB. 



tartar and particles of food which fills up 
the cavity, forming the " mark" of the horse-dealer. 

A very complex tooth may be formed out of two tissues 
by the way in which these may be interblended, as the 
result of an original complex disposition of the constituo 
eats of the dental matrix. 

Certain fishes, and a singular family of gigantic extinct 
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batrachians, which T have called " Labyrinthodonts,"^ ex- 
hibit, as the name implies, a remarkable instauce of this 
kind of oomplezity. The tooth appears to be of the 
simple oonical kind, with the exterior sur&ce merely 
striated longitudinally ; but, on making a transverse sec- 
tion, as in Fig. 50, each streak is a fissure into which the 
very thin external layer of cement, c, isyreflected into the 
body of the tooth, following the sinaous vayings of the 
lobes of dentine, d, which diverge from the central pulp 
cavity, a. The inflected fold of cement, c, runs straight 

Fig. 66. 




TBAN'SY£BSE SECTION OF TOOTH OF LABYBINTHODON. 

for about half a line, and then becomes wavy, the waves 
rapidly increasing in breadth as they recede from the 

periphery of the tooth ; the first two, three, or four un- 
dulations are simple, then their contour itself becomes 
broken by smaller or secondary waves; these become 
stronger as the fold approaches the centre of the tooth, 

■ ** Proeeediogi of th« Oeoloi^eal Society," Jan. 20, 1841, p. 257. 



Digitized by Google 



OOHPLSX AND COMPOUND TEETH. 2i$7 

wben it increases in thickness, and finally terminates by 
a sliglit dilatation or loop close to tbe pnlp-cayityi from 
which the free margin of tbe inflected fold of cement is 

separated by an extremely thin layer of dentine. Tlie 
number of tbe inflected converging folds of dentine is 
about fifty at the middle of the Crown of tbe tooth, but is 
greater at the base. All the inflected folds of cement, at 
the base of the tooth, have the same complicated disposi- 
tion with increased extent; but, as they approach their 
termination towards the upper part of the tooth, they also 
gradually diminish in breadth, and consequently pene- 
trate to a less distance into the substance of the tooth. 
Hence, in such a section as is delineated (Fig. bQ\ it will 
be observed that some of the convoluted folds, as those 
marked ce, extend near to the centre of the tooth ; otb^s, as 
those marked c\ reach only about half-way to tbe centre; 
and those folds, c'^, which, to use a geological expression, 
are ^ cropping out," penetrate to a very short distance into 
1^ dentine, and resemble, in their extent and simplicity, 
the converging folds of cement in the fangs of the tooth 
of the ichthyosaurus. 

The disposition of the dentine, is still more compli- 
cated than that of the cement. It consists of a slender, 
central, conical column, excavated, by a conical pulp- - 
cavity, a, for a certain distance irom the base of the tooth ; 
and this column sends from its circumference, radiating 
outwards, a series of vertical plates, which divide into 
two, once or twice, before they termiualc at the periphery 
of tbe tooth. Each of these diverging and dichotomizing 
plates gives.of^ throughout its course, smaller processes, 
which stand at right angles^ or nearly so, to the main 
plate. They are generally opposite, but sometimes alter- 
nate ; many of the secondary plates or processes, which are 
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Pig. 67. 



given off near the centre of the tooth, also divide into two 
before they tenninate, as aft n; and their coatour is seen, 
in the transrerse section^ to partake of all the undulationa 

of the folds of cement which invest th^n, and divide the 
dentinal plates and processes from each other. 

Another kind of complication is produced by an a^> 
giegation of many simple teeth into a single mass. 

The examples of these truly compound teeth are most 
common in the class of fishes ; but the illustration here 
selected is hom. the mammalian class. Each tooth of the 

Gape ant-eater {OrifcteropU8\ pre* 
sents a pimple form, is deeply 
set in the jaw, but without divid- 
ing into &ngs ; its broad and flat 
base is porons, like the section of 
a common oane. The canals to 
which tliese pores lead, contain 
processes of a vascular pulp, and 
are the centres of radiation of aa 
many independent series <rf den- 
tinal tubules. Each tooth, in fact, 
consists of a congeries of long and 
slender prismatic denticles of den- 
tine, which are cemented together 
by their ossified capsules, the co- 
lumnar denticles sbghtly decreas- 
ing in diameter, and occasionally biftircating as .ihey 
approach the grinding surface of the tooth. Fig. 57 gives 
a magnified view of a portion of the transverse section of 
the fourth molar, showing c, the cement; the dentine; 
and p, the pulp-cavity of the denticles. 

In the elephant, the denticles of the compound molars 
are in the form of plates, vertical to the grinding surfsuse 




TRANSVERSE 8ECTI0X OF PART 

or TOOTH OP OrycteropuM 
(magnified). 
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and transverse to the long diameter of the tooth. When 

the tootli is bisected vertically and lengthwise, the three 
substances, d, dentine, e, enamel, and c, cement, are seen 
interblended, as in Fig. 58, in which p is the common 
palp-caTitj, and r one of the roots of this complex tooth. 
Sadi are some of the prominent features of a field of 



Fig. 68. 




LONQlTUmilAL SECTION OP PART OF OIUHDER OP SLBPHANT. 

observation which Comparative Anatomy opens out to 

our view — such the varied nature, and such the gradation 
of complexity of the dental tissues, which, up to December, 
1889, continued, notwithstanding successive approxima- 
tions to the truth, to be described, in systematic worka^ 
as a '^phaneros," or **a dead part or product, exhaled 
from the surface of a formative bulbl"^ 

* See the FueoiouliiB of M. de BIainTilIe*s great work, ** Ost^ogniphfe 
et Odontograpbie d'Animaus Vert^brds/' wbich he sttbmitted to the 
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D£NTAL STSTEM OF FISHES. 

The teeth of fishes, whether we study them in regard 
to their number, form, substance, structure, situation, or 
mode of attachment, offer a greater and more striking 
series of yarieties than do those of any other class of ani- 
mals. 

As to number, they range from zero to countless quan- 



Fig. 59. 




SKULL OF THE TIKE, SUOWING THE TEETB. 



titles. The lancelet, the ammocete, the sturgeon, the 
paddle-iish, and the whole order of l^Jwbranchii^ are eden- 

Acadcmy of Sciences of the Institute of France on the snme clay, Dcccm- 
bep 16, 1839, on which I communicated, on the occasion of my election 
as corresponding member of that body, my " Theory of tlie development 
of dentine by cciitripeUil colcitication and conversion of the cells of the 
pulp." 
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tulous. The myxinoids have a single pointed tooth on 
the roof of the mouth, and two serrated dental plates on 
the tongoa. The tench has a single grinding tooth on 
the occiput, opposed to two dentigerous pharyngeal jaws 
below. In the Ic|)idosiren, a single maxillary dental plate 
is opposed to a single mandibular one, and there are two 
small denticles on the nasal hoae. In the extinct sharks 
with crashing teeth, called ceratodus and tenodus, the jaws 
were armed with four teeth, two above and two below. 
In the hinicera-j two mandibular teeth are opposed to four 
maxillary teeth. From this low point the number in 
diflferent fishes is progressively multiplied, until, in the 
pike (Fig. 59), the siluroids, and many other fishes, the 
month becomes crowded with countless teeth. 

"With respect to form, it may be premised that, as or- 
ganized beings withdraw themselves more and more, in 
their ascent in the scale of life, from the influence of the 
general polarizing forces, so their parts progressively de* 
viate from geometrical figures ; it is only, therefore, in the 
lowest vcrtebrated class that we find teeth in the form of 
j)erfect cubes, and of prisms or plates with three sides (as 
in myletes)f four sides (as in scctrus), five or six sides (as in 
myliobatesy Fig. 60). llie cone is the most common foim 
in fishes; such teeth may be slender, sharp-pointed, and* - 
so minute, numerous, and closely aggregated, as to re- 
semble the plush or pile of velvet. These are called 
villiform teeth" {denies villdformea^ Lat; derUs en velours, 
Fr.). All the teeth of the perch are of this kind. When 
the teeth are equally fine and numerous, but longer, these 
are called " ciliiiorm" [dentes cilujornips) ; when the teeth 
.are similar to l)ut rather stronger than these, they are 
called ^^setiform" {dentea seifformes, Lat.; dents en brosse, 
Fr.); the teeth in the upper jaw of the pike (Fig. 59) are 
21 * 
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of this kind. Conical teeth, as close-set and sharp-pointed 
as the villiforme teeth, bat of larger size, are called " rasp- 
teeth" (denies rcukdtformea, Lat. ; dents en rape^ oven cardes, 

Fr.) ; the pike presents such teeth on the back part of the 
vomer. The teeth of the sheat-dsh (JSilurus giants) present 



Fig. 60. 




JAWS AMD TUTH OW TRB BTUrQ-RAT {Jlfyliob<llte§), 

all the gradations between the villiforni and raduliforin 
tjpes. Setiform teeth are common in the fishes thence 
called Chffitodonts; in. the genus (XtharintB they bifurcate 
at their &ee extremities ; in the genus Platax they end 
there in three diverging points, and the cone here merges 
into the long and ^lender cylinder. Sometimes the cone 
is compressed into a slender trenchant blade : and this 
may be pointed and recurved, as in the muroena; or 
barbed, as in tnchiurus and some other Scomberoides ; or 
it may be bent upon itself, like a tenter-hook, as in the 
fishes thence called Oomodonis. In the bonito may be 
perceived a progressive thickening of the base of the 
conical teeth ; and this being combined in other predatory 
fishes with increased size and recurved direction, they 
then resemble the laniary or canine teeth of carnivorous 
quadrupeds, as we see in the large teeth of the pike (Fig. 
59), in the lophius, and in certain sharks. 
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The anterior diverging grappling teeth of the wolf-^sh 
(Fig. 61), 1^ fbrm stronger cones; and hj progressiye 
blunting, flattening, and expansion of the apex, observ- 
able in diflTerent fishes, the cone gradually changes to the 
thick and short cylinder, such as is seen in the back teeth 
of the wolf-fish, and in similar grinding and crushing 
teeth in other genera, whether the fishes be feeders on 
sea-weeds, or on crustaceous and testaceous animals. The 
grinding surface of these short cylindrical teeth may be 
cohyex, as in the sheep's-head fish {JSargtu); or flattened, 
as in the pharyngeal teeth of the wrasse (Lcibnts), Some- 
times the hemispheric teeth are so numerous, and spread 
over so broad a surface, as to resemble a pavement, as in 
the pharyngeal bones of the wrasse ; or they may be so 
small, as well as numerous, as to give a granulated sur- 
face to the part of the moutli to which they are attached, 
when they are called, in ichthyology, derUes grani/ormes, • 

A progressiye increase of the transyeise oyer the yer- 
tical diameter may be traced in the molar ieeth of differ- 
cnt fishes, and sometimes in those of the same individual, 
as in hhrf/Sj until the cylindrical form is exchanged for. 
that of the depressed pli^te. Such dental plates {deiUea 
JamelUformes) may be formed not only circular, but ellip- 
tical, oval, semilunar, sigmoid, oblong, or even square, 
hexagonal, pentagonal, or triangular; and the grinding 
surfooe may present yarious and beautiful kinds of sculp- 
turing. The broadest and thinnest lamelliform teeth are 
those that form the complex grmding tubercle of the 
diodun. 

In the sharks and rays, the teeth are supported by the 
upper and lower jaws, as in most quadrupeds ; but many 

other hshes have teeth g]'o\ving from the roof of the 
mouth, from .the surface of the tongue, from the bony 
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hoops or arches supporting the gills, and some have them 
developed from the bone of the nose and the ^^ase of th0 
skull, la the carp and ten^h the teeth are confined to 
this latter unusual position, and to a pair of bones, called 
"pharyngeal," which ciicumscribe the back outlet of the 
mouth. - J 

Fishes exhibit^ tnoreoyer, a greal^r rango.of yariety in» 
the mode of attachTuent of the teeth than an j other class 
of animala. In the sharks, and the singular fish called 
the *' angler," the teeth are movable, their base being tied 
by ligaments to the jaw. In the angler the ligaments are 
so inserted that they do not permit the teeth to be bent 
outwards beyond the vertical position, but yield to pres- 
sure in the contrary directfton, by which the point of the 
tooth may be directed towards the back of the month; 
the instantj howeyer, that the pressure is remitted, the 
tooth returns through the elasticity of the bent ligaments, 
as by the action of a spring, to its usual erect position; 
the deglutition of the prey of this, yoracious fish is thus 
facilitated, and its escape prevented. The broad and 
generally bifurcate bony base of the teeth of sharks is 
attached by ligaments to the semi*08sified crust of the 
(MTtilaginons jaws; but they haye no power of erecting 
or depressing the teeth at wilL 

The teeth of the sphyriBna are examples of the ordinary 
implantation in sockets, with the addition of a slight an- 
chylosis of the base of the fully-formed tooth with the 
alyeolar walls.; and the compressed rostral teeth of the ^ 
saw-fish are deeply implanted in sockets; the hind 
margin of their base is grooved, and a corresponding 
ridge from the back part the socket fits into the groove, 
and gives additional fixation to the tooth. 

The singular and powerfully developed dental system 
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of the wolf-fish (Ananrhkas lupus^ Fig. 61) has been a sub- 
ject of interest to many anatomists. Most of the teeth 
are powerful crushers; some present the laniary tjpe, 
with the apices more or less recurved and blunted by use, 
and consist of strong cones, spread abroad, like grappling- 
books, at the anterior part of the mouth, i, i 

The premaxillary teeth, 22, t, are all conical, and ar- 
ranged in two rows ; there are two, three, or four in the 
exterior row, at the mesial half of the bone, which are the 
largest; and from six to eight smaller teeth are irregu- 
larly arranged behind. There are three large, strong, 
diverging laniaries at the anterior end of each prcmandi- 
bular bone, and immediately behind these an irregular 
number of shorter and smaller conical teeth, which gra- 
dually exchange this form for that of large obtuse tuber* 
cles, wi,m; these extend backwards, in a double alternate 
series, along a great part of the alveolar border of the 
bone, and are terminated by two or three smaller teeth 
in a smgle row, the last of which again presents the coni- 
cal form. Each palatine bone, 20, supports a double row 
of teeth, the outer ones being conical and straight, and 
from four to six in number; the inner ones two, three, or 
four iu number, and tuberculate. The lower surface of 
the vomer, 18, is covered by a double irregularly alter- 
nate series of the same kind of large tuberculate crushing 
teeth as those at the middle of the premandibular bone. 
Thus the inside of the mouth appears to be paved with 
teeth, by means of which the wolf-fish can break in pieces 
the shells of whelks and lobsters, and effeictually disen- 
gage the nutritious animal parts from them. All the 
teeth are anchylosed to more or less developed alveolar 
eminences of bones. From the enormous power of the 
muscles of the jaws, and the strength of the shells which 

21* 
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are cracked and crushed by the teeth, their fracture and 
displacement must obviously be no unfrequent occur- 




rence; and most specimens of the jaws of the wolf-fish 
exhibit some of the teeth either separated at this line of 
imperfect anchylosis, or, more rarely, detached by frac- 
ture of the supporting osseous alveolar process. 

Thus, with reference to the main and fundamental tis- 
sue of tooth, we find not fewer than six leading modifica- 
tions in fishes. 



Google 



Tiaeva of tooth ik fisbbs. 247 

Hard or true dentine — Spaxoids, labrcnds, lopliitis, 
balistes, pycnodonts, prionodon, sphyrajna, megalichtiijs, 
rhizodes, diodon, scarus; 

OsteodeDtin^^-Cestraoion, acrodus, lepidosiren, cteno- 
dna, faybodins, peorooidar aeisBnoidBy ooitoida, gobioida, 
akarka, and many others; 

Vasodeutin© — Psammodus, chimieroids, pristis, mjlio- 
bates; 

Pliddentisie^LopbiaSr bolopt jobloa^ bothxiolepia ; and 
Dendrodantme^Dendrodna ; 
. Besides tbe compound teeth of the searoa and diodon. 

■ One structural modification may prevail in some teeth, 
another in other teeth, of the same iishf and two or more 
modi^eations may be present in the aame toothy ariaing 
ftom ohangea in the piocesa of ealcificatbn and a peiaiat* 
ency of portions or processes of the primitive vaacular 
pulp or matrix of the dentine. 

The dense covering of the beak-like jaws of the parrot- 
fiahea {tSoari) oonaiata of a atratum of prismatic dentielea, 
standing almost vertically to the external surface of the 
jaw bone ; this peculiar armature of the jaws is adapted 
to the habits and exigences of a tribe of fishes which 
browse upon the lithophytes that clothe, as with a richly 
tinted carpet, the bottom of the sea, jnst as the ruminant 
quadrupeda crop the herbage of the dry land. 

The irritable bodies of the gelatinous polypes, which 
constitute the food of these fishes, retreat, when touched, 
into their star-ahaped stony shells, and the scari conse- 
quently require a dental i^paralua strong enough to 
break off or aooop out these calcareous recesses. The 
jaws are, therefore, prominent, short, and stout, and the 
exposed portions of the premaxiHaries and premandibu- 
hurs are incased by a comphcated dental covering. The 
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polypes aud their cells are reduced to a pulp by the actioa 
of the pharyngeal jaws and teeth that dose the poBteiior 
aperture of the month. { 

There is a close analogy between the dental mass of 
the scarus and the complicated grinders of the elephant, 
both in form, structure, and in the reproduction of the. 
component dentioles in honzontal snocession. But in the 
fish, the complexity of the triturating sur&ce is greater 
than in the mammal, since, from the mode in which the 
wedge-shaped denticles of the scarus are implanted upon, 
and anchylosed to, the processes of the supporting bone, 
this likewise enters into the formation of the grinding 
surface when the tooth is worn down to a certain point. . 
• The proof of the efficacy of the complex masticatory 
apparatus above described, is afforded by the contents of 
the alimentary canal of the scari. Mr. Charles Darwin, ' 
the accomplished naturalist and geologist^ who acoompa^ 
nied Captain Fitzroy, B. N., in the droumnavigatory ' 
voyage of the Beagle, dissected several parrot-fishes | 
soon after they were caught, and found the intestines | 
laden with nearly pure chalk, such being the nature of i 
their excrements; whence he ranks these fishes among | 
the geological agents to which is assigned the office of | 
converting the skeletons of the lithophytes into chalk. 

The most formidable dentition exhibited in the order of 
osseous fishes is that which characterizes the sphyraona, 
and some extinct fishes allied to this predatoiy genus. 
In the great barracuda of the southern shores of the 
United States {Sphyro&na harracuda^ Cuv.), the lower-jaW I 
contains a^ single row of large, compressed, conical, sharp- I 
pointed, and sharp-edged teeth, resembling the blades of 
lancets, but stronger at the base; the two anterior of 
these teeth are twice as long as the rest, but the posterior 
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and serial teeth gradually increase in size towards the 
back part of the jaw ; there are about twenty-four of these 
pierdng and cutting teeth in each premandibtilar bone. 
They are opposed to a double row of similar teeth in the 
upper-jaw, and fit into the interspace of these two rows 
when the mouth is closed. The outermoet rowis situated 
on the intemaaiillary^ the innermost on the palatine 
bones ; tbeic are no teeth on the vomer or superior max- 
illary bones. The two anterior teeth in each premax- 
illaiy bone equal the opponte pair in the lower-jaw in 
size ; the posterior teeth are aerial, numerous, and of small 
size ; the second of the two anterior large prcmaxillary 
teeth is placed on the inner side of the commencement of 
the row of small teeth, and is a little inclined backwards. 
The retaining power of all the large anterior teeth is in- 
creased by a slight posterior projection, similar to the barb 
of a fish-hook, but smaller. The palatine bones contain 
each nine or ten lancet-shaped teeth, somewhat larger 
ilian the posterior ones of the lower-jaw. AH tiiese.teetli 
dflbrd good examples of the mode of attachment by im- 
plantation in sockets, which has been denied to exist in 
fishes. 

• The loss or injury to which these destruclire weapons 

are liable, in the conflict which the sphyrsena wages with 
its living and struggling prey, is repaired by an uninter- 
rupted succession of new pulps and teeth. The existence 
of these is indicated by the foramina, which are situated 
immediately posterior to, or on the inner margin of, the 
sockets of the .teeth in place ; these foramina lead to alveoli 
of reserve, in which the <^wns of the new teeth in dif- 
ferent stages of development are loosely imbedded. It is 
in this position of the germs of the teeth that the sphyras- 
noid fishes, both recent and fossil, mainly diifer, as to their 
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dental charactQrs, from tbd rest of the soomberoid &mily, 

and proportionally approach the siiuroid type. 

In all ^hes the teeth are shed and reaewed, not once 
only, as in mammals, but frequently during the whole 
coarse of their lires. The mazillttj dental plates of 
lepidosiren, the cylindrical dental masses of the chimseroid 
and edaphodont fishes, and the rostral teeth of the saw- 
fish (if these modified dermal spines may be so called) are, 
perhaps, the sole examples of " permanent teeth'' to be 
met with in the whole dass. In the great nuyority of 
fishes, the germs of the new teeth are developed like those 
of the old, from the free surface of the buccal membrane 
throughout the entire period of succession; acircunistance 
peculiar to the present class. The angler, the pike, and 
most of our common fishes, illustrate this mode of dental 
reproduction ; it is yery conspicuous in the cartilaginous 
fishes (Fig. 60, e. g.), in which the wh61e phalanx of their 
numerous teeth is ever marching slowly forwards in rota- 
tory progress over the alveolar border of the jaw, the 
teeth being successively cast oS as they reach the outer, 
margin, and new teeth rising from the mucous membrane 
behind the rear rank of the phalanx. 

This endless succession and decadence of the teeth, to- 
gether with the vast number in which they often coexist 
in the same fish, illustrate the law of '^vegetative or irre- 
lative repetition," as it manifests itself on the ^ rst intro- 
duction of new organs in the animal kingdom, under 
which light we must view the above-described organized, 
and calcified preparatory instruments of digestion in the. 
lowest class of the vertebrate series. 

r 
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DENTAL STST£M OF REPTILES. 

In tlie class reptUia an entire order {Ch^hnia\ inelnding 
the tortoises, terrapenes, and turtles, are devoid of teeth ; 
but the jaws in these edentulous reptiles are covered bj a 
sbeafch of horn, whioh in some species is of coiisiderable 

' thickness and density ; its working surface is trenchant in 
the carnivorous species, but is variously sculptured and 
adapted for both cutting, and bruising in the vegetable 
feeders. No species of toad possesses teeth ; neither have 
the jaws the compensatory covering above described in 
the chelonians. Frogs have teeth in the upper but not 
in the lower jaw. Newts and salamanders have teeth in 
both jaws, and also upon the palate ; and teeth are found 
in the latter situation as well as on the jaws in most ser- 

- pents and in the iguana lizard. In most other lizards and 
in crocodiles, the teeth are confined to the jaws: in the 

.former they are cemented or anchylosed to the jaw ; in 
the latter they are implanted in sockets. 

• ' The existing lizards exhibit many modifications in the 
form of the teeth, according to the nature of the food. 
They are pointed with sharp catting edges in the great 

• carnivorous monitor {Varmus)^ and are obtuse and 
rounded like paving-stones in the herbivorous or mixed 
feeding scinks, called, on account of the shape of the 
teeth, cyelodus. The gigantic extinct lizards showed 

• similar modifications of their teeth. The megalosaurus 
had teeth which combined the properties of the knife, 
-the sabre, and the saw (Fig. 62). When first protruded 
above the gum, the apex of the tooth presented a double 
cutting edge of serrated enamel ; its position and line of 
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Fig. 62. 



action were nearly vertical, and its form, like tliat of the 

two-edged sword, cutting equally oa 
each side. As the tpoth advanced ia 
growth, it became caryed backwards 
in the form of a pruiiing-knife, and 
the edge of serrated enamel was con- 
tinoed downwards to the base of the 
concave and cutting side of the tooih; 
whilst on the other side a similar 
edge descended but a short distance 
from the point, and the oonyex pcurt 
of the tooth became blunt and thick, 
as the back of a knife is made thick 
for the purpose of producing strength. 
In a tooth thus formed for eulatuig 
along its concave edge, eadi move- 
ment of the jaw combined the power 
of the knife and the saw. The back- 
ward onrvatare of the fuU-grown 
teeth enables them to retam, like barbs, ihe piej which 
they had penetrated. 

In the iguanodon — the gigantic contemporary of the 

megalosanrus — the crown of 
the teeth (Fig. 63)wa80O8haped 
that, after the apex became 
worn down, it presented a 
broad and nearly horuEoiital 
surftce, exposing dental sub- 
stances of four different de- 
grees of density, viz: a ridge 
of enamel along die outer bor- 
der of the crown ; a layer of 
hard or unvascular dentine 
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• 

next to this ; a layer of softer vascular dentine forming 
the inner half of the crown; and a portion of firm osteo* 
dentine in the middle of the grinding surface, formed by 
the ossified remnant of the tooth-pulp. The series of 
complex teeth, so constructed, seems to have been admi- 
rably adapted to the cropping and comminution of such 
tOQgh vegetable food as the clathrarice and similar now 
extinct plants, the fossil remains of whieh are found 
buried with those of the iguauodon. No existing reptile 
now presents so complicated a structure of the tooth in 
relation to vegetable food. The still more complex, and 
indeed marvellous structure of the teeth of the extinct 
gigantic lizard-like toad, called Lahyrinthodon^ has been 
already noticed (Fig. 56, p. 236). But^ perhaps, the most 
singular dental structure yet found in the ancient mem- 
bers of the class Eeptilia, is that presented by certain 
species of fossil found in South Africa, and probably 
fipom a geological formation nearly as old as our coal 
strata. I have called them "Dicynodonts," from their 
dentition being reduced to one long and large canine 
tooth on each side of the upper jaw. As these teeth give, 
at first sight, a character to the jaws like that which the 
long poison-fangs give, when erected, to the jaws of the 
rattlesnake, I shall briefly notice their characters before 
entering upon the description of the more normal saurian 
dentition. 

Fig. 64 gives a reduced side view of the skull and 
teeth of the Dicyiiodon lacerticeps. 

The maxillary bone, 21, is excavated by a wide and 
deep alveolus, with a circular area of half an inch, and 
lodges a long and strong, slightly curved, and sharp- 
pointed canine tooth or tusk, which projects about two- 
thirds of its length from the open extremily of the socket. 
22 
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The direction of the tusks is forwardsi downwaidsi and 
Tcry slightly inwards; the two oonveiging in the descent 



Fig. r>4. 
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along the outer side of the compressed symphy.sis of the 
lower jaw, cc. The tusk is principally composed of a 
body of compact unyascolar dentine. The base is exca- 
Tated by a wide conical pulp-cayity, p, wiih the apex 
extending to about one-half of the implanted part of the 
tusk, and a linear continuation extending along the centre 
of the solid part of the tusk. 

Until the discovery of the rhynchosannis, this edentu- 
lous and horn-sheathed condition of the jaws was supposed 
to be peculiar to the chelonian order among reptiles ; and 
it is not one of the least interesting features of the dii^- 
nodonts of the African sandstones, that they shoold repeat 
a chelonian character hitherto peculiar amongst lacertians, 
to the above-cited remarkable extinct edentulous genus 
of the new red sandstone of Shropshire; bat our interest 
rises almost to astonishment when, in a sanrian dniU, we 
find, superadded to the Iiorn-clad mandibles of the tor- 
toise, a pair of tusks, borrowed, aa it were, from the mam- 
inalian dass^ or rather foreshadowing a stmctore which, 

« 
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in the ezisting creadion, is peenKar to oerfain members of 

the highest organized warm-blooded animals. 

la the other reptilia, recent or extinct, which most 
searlj approach the mammalia in the structure of their 
teeth, the dififereace oharacteristio of the inferior and 
eold-Uooded oImb is manifested in the shape, and in the 
system of shedding and succession of the teeth ; tbc base 
of the implanted teeth seldom becomes consolidated, 
nerer contracted to a point, as in the fangs of the simple 
teeth of mammalia, and at aU periods of growth one or 
more genus of teeth are formed within or near the base 
of the tooth in use, prepared to succeed it,aud progressing 
towards its displacement The dental armature of the 
jaws is kept in servioeable order by uninterrupted change 
and sncoession; but the forming (nrgan of the individual 
tooth is soon exhausted, and the life of the tooth itself 
may be said to be comparatively short. 

If one of the conical, sharp-pointed, and two-edged 
teeth of the Gangetic crocodile^ called "garrhial," by the 
Hindoosi be extraoted| its base will be found hoUotr, and 



Fig. 65. 
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partly absorbed or eaten away, as at a, Fig. 65; and 
within the cavity will be seen the half-formed succeeding 
tooth, b; at the base of which may probably be found the 
beginning or germ, c, of the 8Uc6<98SOT of that tooth ; all 
the teeth in the crocodile tribe being pushed out and re- 
placed in the vertical direction by new teeth, as ioug as 
they live. The individual teeth inoreaae in size as the 
animal grows ; bnt the number of teeth r^nains ihe same 
from the period when the crocodile quits the egg to the 
attainment of its full size and age. No sooner has the 
young tooth penetrated the interior of the old one, than 
another germ begins to be developed from the angle be- 
tween the base of the young tooth and the inner alveolar 
process, or in the same relative position as that in which 
its immediate predeoessor began to rise; and the processes 
of sucoessioti and displacement are carried on, tminter- 
ruptedly, throughout the long life of these cold-blooded 
carnivorous reptiles. The fossil jaws of the extinct 
crocodiles demonstrate that the same law r^ulated the 
succession of the teeth at the ancient epochs when tbey 
prevailed in greatest numbers, and under the most varied 
specific modifications, as at the present day, when they 
are reduced to a single &mily. 

The most complex condition of the dental system in 
the reptile class is that which is presented by the poison- 
ous seipents, in which certain teeth are associated with 
the tube or duct of a poison-bag and gland. 

These teeth, called ''poison-fangs,^' are confined to those 
bones of tlie upper jaw called "maxillary," and are 
usually single; or, when more, one only is connected 
with the poison-apparatus, and the others are either 
• simple teeth, or preparing to take the place of the poi- 
son-fang. 



4 



Digitized by Google 



nsTB or poisoirous svaeu. 




nilled). 



To give an idea of the structure of this 
tooth, we may suppose a simple slender 
tooth, likd that of a boAKxynatriotor, to be 
flattened^ and ita edgea then bent towards 
each other and soldered together so as to 
form a tube, open at both ends, and inclosing 
ihe end of the poiaon-daot Such a tooth is 
lepreeentad at Fig. where A k the oblique 
opening penetrated by the duct, and v the 
narrower fissure by which the venom escapes. 

The dnol whidi eoavejB the poiaon, al« 
though it Tans Arough the centre of the 
tooth, is really on the outside of the tooth. 
The bending of the dentine about it begins 
a Utile beyond the base ci the tooth, where 
the poison-duct rests in a slight groove or longitudinat 
indentation on the convex side of the fang; as it pro- 
ceeds, it sinks deeper into the substance 
of the tooth, and the sides of the groove 
meet and seem to ooalesee, so diat the 
trace of the inflected fold ceases, in some 
spmeSj tx) be perceptible to the naked 
eye; and the fiuig appears, as it is com- 
monly described, to be perforated bj 
the duct of the poison-gland. 

In the Tiper, the line of union may 
be seen as marked at t;, Fig. d^; and 
when such a tooth is carefully divided 
lengthwise, as in Fig. 67, the true pulp- 
cavity in the substance of the tooth is 
seen, as at|i,|>, to terminate in ^ point} 
and the poison-canal, as cit v, to run 
along the foym?^ of the sing^l^rly 



Fig. 67. 
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modified tootb. This tootli is soldered to tlie maxillary 

bone (Fig. 68), which rotates so as to keep the tooth kiid 
flat in the mouth at ordinary times, and to erect it when 

tl^ deadly blow is aboat to be 
Btmck. Thebeadof theanake 
, drawn back, and the 



IS 



fangs, erect, and exposed by the 
widely open mouth, are struck, 
by the foroe of the powerful 
mnscles of the bead and neok, 
into the sor&oe aimed at, tbe 
poison-bags at the same mo- 
ment are squeezed, and their contents driven through the 
canal in the tooth into the wound. And here may be 
noticed tbe advantage of having the solid point of the 
tooth prolonged beyond tbe outlet of tbe poison-canal^ 
and not weakened by its continuation to the apex. 




SKULL OF \ KATTLKSy AKB 

{Crotalua horrxdm). 



DENTAL SYSTEM OF MAMMALS. 

The class Mammalia, like those of Reptilia and Pisces, 
includes a few genera and species that are devoid of 
teetb; the true ant-eaters (m^meeqpifta^), tbe scaly «Dt* 
eaters or pangolins {vnanu% and tbe spiny monotrematoua 

ant-eater {echidna)^ are examples of strictly edentulous 
mammals. The ornithorhynchus has horny teeth, and 
the whales {halcena and haUempterd) have transitory em* 
bzyonic calcified teetb, succeeded by wbalebcme aubati- 
tutea-in tbe upper jaw. 

The female narwhal seems to be edentulous, but has 
the germs of two tusks in the substance of the upper 
)lUK^.boafiiB; one of these becomes developed into a large 
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and conspicuous weapon in the male narwhal, whence the 
name of its genus, monodon^ ineaning single tooth. In 
another cetacean, the great bottle-nose or hjperoodon, the 
teeth vre ledneed in the adult to two in number, whence 
the spedfic name jET. hiehns, but they are confined to the 
lower jaw. 

The elephant has never more than one entire molar, or 
parts of two, in use on each side of the upper and lower 
jaws; to which ave added , two tuaks, moie or less de* 
veloped, in the upper jaw. 

Some rodents, as the Australian water-rats {ffydromys\ 
.have two grinders on each side of both jaws; which, 
added to the four cutting- teeth in front, make twelve in 
all; the oommon number of teeth in this order is twentji 
but the hares and rabbits have twenty-eight each. 

The sloth has eighteen teeth. The number of teeth, 
thirty-two, which characterizes man, the apes of the old 
world, and the true ruminants, is the average one of the 
dass mammalia; but the typical number is forty-four. 

The examples of exoessire numb^ of teeth are pre* 
sented in the order Bruta, by the priodont armadillo, 
which has ninetv eiffht teeth; and in the cetaceous order 
by the cachalot, which has upwards of sixty teeth, though 
most of them are confined to the lower jaw; by the com- 
mon porpoise, which has between eighty and ninety leeth; 
by the Gangetic dolphin, which has one hundred and 
twenty teeth; and by the true dolphins {delphinus\ which 
have from one hundred to one hundred and ninety teeth, 
yielding the maximum number in the class Mammalia. 

FoBic — ^Where the teeth are in excessive number, as 
in the species above cited, they are small, equal, or sub- 
equal, and usually of a simple conical form. 

In most other mammalia, particular teeth have spectilt 
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forms for special uses: thus, the front teeth, from being 
commonly adapted to effect the Qs^t coarse division of 
the fixxi, have been called cutters or uidfl<NS ; and the 
back teeth^ which complete its comminntioB, griodem Oir 
molars ; large conical teeth situated behind the incisors, 
and adapted by being nearer the insertion of the biting 
muscles to act with greater force, are called holders, 
teamrs, laniaries, or, more eommonljr, canine teeth, firom 
being well developed in the dog and odier camivora. 

Molar teeth, which are. adapted for mastication, have 
either tuberculate, or traDSveraely ridged, or £at summits, 
and nsoally are either surrounded by a ridge of enamel; 
or are traversed by similar ridges arranged in various 
patterns. 

The large molars of the capybara and elephant have 
the crown cleft into a numerous smes of compseased 
transvme plates, cemented together side by side. 

The teeth of the mammalia have usually so nmch more 
definite and complex a form than those of ^kes and rep- 
tiles, that three parte axe recognized in them, vis: the 
<'&ng," the "neck," and the "crown;" The &ng or too* 
(radix) is the inserted part ; the crown (corona) the ex- 
posed part ; and the constriction which divides these is 
is called the neck (cervix). 

Fixation. — It is peculiar to the class nmmmElia to 
have teeth implanted in sockets by two or more fangs; 
but this can only happen to teeth of limited growth, and 
generally characterizes the molars aod premolass; perpe* 
tually growing teeth require the base to be kept simple 
and widely excavated for the persistent pulp. In no 
mammiferous animal does anchylosis of the tooth with the 
jaw constitute a normal mode of attachment. Each tooth 
has ite particnlar socket, to which it firmly adfaeves by 
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the close coadaptation of their opposed surfaces, and by 
the firm adhesion of the alveolar perioBteuxn to the orga- 
nized oement which invests the fismgor&ngs of the tooth. 

True ieeih implanted 411 sockets are oonfined, in the 
mammalian class, to the maxillary, premaxillary, and 
mandibular, or lower maxillary bones, and form a single 
TOW in each. They may project only from the premaxil* 
lary bones, as in the narwhal, or only from the lower 
maxillary bone, as in ziphins; or be apparent only in the 
lower maxillary bone, as in the cachalot; or be limited to 
the superior and inferior maxillaries, and not present in 
ihe piemaxillarMWi as in the true jpeooora (cow, sheep), 
and most hmla (sloth, armadillo) of LinnsBUfl. In general, 
teeth are situated in all the bones above mentioned. In 
man, where the premaxillaries early coalesce with the 
maxillary bones, where the jaws are very short, and the 
crowns of the teeth are of equal length, there is no vacant 
space in the dental series of either jaw, and the teeth de- 
live some additional £xity by their close apposition and 
mutual pressure. No inferior mammal now presents this 
dharacter; but its importance, as associated with the 
peculiar attributes of the human organization, has been 
somewhat diminished by the discovery of a like contigu- 
oua arrangiement of the teeth in the jaws of a few extinct 
quadrupeds, e. g, anoplotherium, nesodon, and dichodon. 

Structuuk. — The teeth of the mammalia usually con- 
sist of hard unvascular dentine, defended at the crown by 
an investment of enamel, and everywhere surrounded by 
a coat of cement The coronal cement is of extreme 
tenuity in man, quadrumana, and the terrestrial camivora; 
it is thicker in the hcrbivora, especially in the complex 
grinders of the^ elephant. Vertical folds of enamel and 
cement penetate the crown of the tooth in the rum i n a ntSi 
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and in most rodents and pachyderms, characterizing by 
their varions forms the genera of the last two orders. 

The teeth of the sloths, annadillos, and qperm-whales 
hare no true enamel. The tus^ of lihe narwhal, walrus, 
and elephant consist of modified dentine, 'whieh in the 
last great proboscidian animal is properly called "ivory," 
and is covered by cement. 

The fo«ming*orgaQ of a. mammaKaa tooth oonsiBts, w 
in ibe lower daases, of a pulp and aoapsnle. The sob- 
stance of the pulp is converted into the " dentine;" that 
of the capsule into the "cement." Where enamel is to 
be added, a peculiar organ is formed on the inner surface 
of the capsule, which arranges the hardening material 
into the form, and of the density, chanacteristioof eaameL 
This substance is so hard in the tooth of the hippopota- 
mus, as to "strike fire" like flint with steeL The whole 
forming-organ is. called "matrix." 

The matrix of certain teeth does not giiro rise daring 
any period of their foirmation to the germ of a second 
tooth, destined to succeed the first ; this tooth, therefore, 
when completed and worn down, is not xeplaced. The 
wjpctm whales, dolphins, and porpoises are Umited to this 
simple provision of teeth. Jn the armadillos and sloth% 
the want of germinative power, as it may be called, in 
the matrix is compensated by the persistence of the ma- 
trix, and by the uninterrupted growth of the teeth. 

In most other mammalia^ the matrix of the first de- 
Tcdoped tooth gives origin to the germ of a second tooth, 
which sometimes displaces the first, sometimes takes its 
place by the side of the tooth from which it has originated. 
All those teeth which are displaced by their progeny are 
called temporary, deciduous, or milk teeth; the mode and 
diraotion in whkh they are displaood and soooeeded, via: 
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from above downwards in the upper, from below upwards 
in the lower jaw : in both jaws rertically — are the same 
89 in the crooodile; bat ike ;>nM6w w nam repeated 
than muse in any mammifefrom animal, A considerable 
proportion of the dental series is thus changed; the 
second or permanent teeth having a size and form as 
snitoble to the jaws of the adah as the diq[>laced terapo- 
rary teeth were adapted to those of the young animal. 

The permanent teeth, wliich assume places not previ- 
ously occupied by deciduous ones, are always the most 
posterior in their position, and generally the most oom- 
plex in their form. 

The term "molar," or "true molar," is restricted to 
these teeth ; the teeth between them and the canines are 
sailed ^^premolars;" they push out the milk-teeth that 
precede them, and are usnally of smaller size and simpler 
form than the true molars. They are called "bicuspids" 
in human anatomy. 



Fig. 69. 




JAWB AND TERTH OP TBB LION. 



Thus the class mammalia, in regard to the times of 

formation and the succession of their teeth, have been 
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divided into two groups: the moncphyodonts,^ or those 
tliat generate a single set of teeth ; and the dvphyodonts^ 
or those that generate two sets of teeth. 

I proceed next to notice the principal modifications of 
the teeth, as th^ are adapted to camiYorous, herbiyoTonSi 
or mixed feeding habits in the diphyodont mammalia. 

The lion may be taken as the type of the flesh-feeders 
(Fig. 69). 

. The largest and most conspicuous teeth in this and 

other feline quadrupeds are the "canines," c ; they are of 
great strength, deeply implanted in the jaw, with the fang 
thicker and longer than the enamelled crown: this part 
•is oonical, slightly'tiacurYed, sharp-pointed, -convex in 
ftonty almost flat on the inner side, and with a sharp 
edge behind. The lower canines pass in front of the 
upper ones when the mouth is closed. 

The incisors, six in number on both jaws, form a trans- 
verse row; the outermost above, ?, is the largest, resem- 
bling a small canine: the intermediate ones have broad 
and thick crowns indented. by a transverse cleft. 

The first upper premolar, p 2, is rudimental : there is 
no answerable tooth in the lower jaw. The second, p 8, 
in both jaws has a strong conical crown supported on two 
fangs. The third upper tooth, jp4, has a cutting or 
trenchant crown, divided into three lobes, the last being 
the largest, and with a flat inner side, against which the 
cutting tooth, m 1, in the lower jaw works, like a scissor- 
blade. Behind, and on the inner side of the upper tooth, 
p 4, there is a small tubercular tooth, ml. A glance at 
the long and strong, sub-compressed, trenchant, and 
sharp-pointed canines, suffices to appreciate their pecu* 

* /mA«c> once ; I generate ; «9u>c» tooth. 

* Ik, twloe ; ^ and ofcc* . 
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liar adaptation to seiae, to bold, to pierce and lacerate a 

struggling prey. The jaws are strong, but shorter than 
in other carnivora, and witli a concomitant reduction in 
the namber of the teeth : thus, the canines are brought 
nearer to the hiBertion of the ▼ery powerfol biting ninfl- 
eles (called ''temporal" and '* masseter*^ which work 
them with proportionally greater force. The use of the 
small pincer-shapcd incisor teeth is to gnaw the soft 
gristly ends of the bones, and to tear and scrape off the 
lendinons attachments of the mnseles and the periosteum. 
The compressed trenchant blades of the sectorial teeth 
play vertically upon each other's sides, likes the blades 
of scissors, serving to cut and coarsely divide the flesh; 
and the form of the joint of the lower jaw almost re- 
stricts its movement to the vertical direction, up and 
down. The wide and deep zygomatic arches, and the 
high crests of bone upon the skull, concur in completing 
the carnivorous physiognomy of this most formidable of 
the feline tribe. 

The dentition of the hyena assumes those character- 
istics which adapt it for the peculiar food and habits of 
the adult. The main modification is the great size and 
strength of the molars as compared with the canineS| 
and more espeoially the thick and strong conical crowns 
of the second and third premolars in both jaws, the base 
of the cone being belted by a strong ridge which defends 
the subjacent gum. This form of tooth is especially 
adapted for gnawing and breaking bones, and the whole 
eranium has its shape modified which work the jaws and 
teeth in this operation. 

The strength of the hyena's jaw is such tliat, in attack- 
ing a dog, he begins by biting off' his leg at a single 
snap. Adapted, however, to obtain its food from the 
23 
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coarser parts of animals which are left by the nobler 
beasts of prey, the hyena chiefly seeks the dead carcass, 
and bears the same relation to the lion which the ▼ultore 
does to the eagle. The hyena cracks, cmshes, and de- 
vours the bones as well as the softer parts of the animals 
it preys upon. In consequence of the quantity of bones 
which enter into its food, the excrements consist of solid 
balls of a yellowish-whitei color, and of a compact 
earthy firaotnTe. Such specimens of the snbstance, known 
in the old " Materia Medica" by the name of " album 
grtecura," were discovered by Dr. Bucklaud in the cele- 
brated ossiferous cavern at Kirkdale. They were recog- 
nized at first sight by the keeper of a menagerie, to 
whom they were shown, as resembling both in form and 
appearance the feces of the spotted hyena; and, being 
analyzed by Dr. Wollaston, were found to be composed 
of the ingredients that might be expected in fecal matter 
derived from bones — ^viz., phosphate of lime, carbonate 
of lime, and a very small proportion of the triple phos- 
phate of ammonia and magnesia. This discovery of the 
coprolites of the hyena formed, perhaps, the strongest of 
the links in that chain of evidence by which Dr. Buck- 
p;^, land proved that the cave at 

Kirkdale, in Yorkshire, had 
been, during a long succes- 
sion of years, inhabited as 
a den by hyenas, and that 
they dragged into its recess- 
es the other animal bodies, 
whose remains, splintered, 
and bearing marks of teeth 
of the hyena, were found 
mixed indiscriminately with 
their own. 

SKULL ASn TSBTR OF THS M0R8K. 
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Before quitting the carniyoTotitf order, tbe peculiar 

development of the upper canines of the morse or walrus 
deserve to be noticed. The staple food of this large mo- 
dified seal is shell-fish, crustaceans, and sea-weed, which 
are pounded to a pulp by its small obtuse molar teeth. 
The canines (Fig. 70), c, exist only in the upper jaw, 
where they are imbedded in deep and large prominent 
sockets, whence they sweep down, slightly incurved, 
forming large and long tusks, which serve as weapons of 
attack and d^enoe, and as instruments in aid of cUmbing 
the floes and hummocks of ice, amongst which the walrus 
passes its existence. 

In the order of mammalia, called gnawers or rodents, 
some of which, e, g, the rat^ are mixed feeders, but most 
of them herbivorous, the canine teeth are wanting in 
both jaws, and the incisors, reduced to two in number, 
are the seat of that excessive and uninterrupted growth, 
which makes them allied to tusks. 

These incisors (Fig. 71), \ are curved, the upper pair 



Fig. 71. 
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describing a larger part of a smaller cirde, the lower 
ones a smaller part of a larger circle, the latter being the 
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longest, and usually having their sockets extending from 
the fore to the back part of the under jaw. The tooth 
consists of a body of compact dentine, with a plate of 
enamel laid upon its anterior or convex surface, and the 
enamel commonly consists of two layers, of which the 
anterior and external one is the densest. Thus the sub- 
stances of the incisor diminish in hardness from the fixmt 
to the back part of the tooth. The wear and tear from 
the reciprocal action of the upper and lower incisors pro- 
duce, accordingly, an oblique surface, sloping from a 
sharp anterior margin formed by the denser enamel, like 
that which, in a chisel, slopes from the sharp edge formed 
by the plate of hard steel laid on the back of that tool, 
whence these teeth have been called " chisel -teeth" [denies 
soa^^prarii). Their growth never ceases while the anindal 
lives, and the implanted part retains the form and size of 
the exposed part, and ends behind in a widely open or 
hollow base, which contains a long, conical, persistent 
forming pulp. This law of unlimited growth is uncon- 
ditional, and constant exercise and abrasion are required 
to maintain the normal form and servioeable proportions 
of the scalpriform teeth of the rodents. When, by acci- 
dent, an opposing incisor is lost, or when, by the distorted 
union of a broken jaw, the lower incisors no longer meet 
the upper ones, as sometimes happens to a wounded hare 
or rabbit, the incisors continue to grow until they pro- 
ject, like the tusks of the elephant, and the extremities, 
in the poor animal's attempts to acquire food, also become 
pointed like tusks. Following the curve prescribed to 
their growth by the form of their socket, their points 
often return against some part of the head, are passed 
through the skin, cause absorption of the bone, and per- 
haps again enter the mouth, rendering mastication im- 
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practicable, and causing death by staryation. Iir the 
Museam of the College of Surgeons there is a lower jaw 

of a beaver, in which the scalpriform incisor has, by un- 
checked growth, described a complete circle ; the point 
has pierced the masseter muscle, entered the back of the 
month, and terminated close to the bottom of the socket 
containing its own hollow root. 

The difference in the diet of the rodent quadrupeds has 
been alluded to ; there is a corresponding difierence in the 
mode of implantation of their molar teeth. Those which 
subsist on mixed food, and which, like the rats, betray a 
tendency to carnivorous habits, or which subsist, like 
squirrels, on the softer and more nutritious vegetable sub- 
stances, as the kernels of nuts, suffer less rapid abrasion 
of the grinding teeth ; a less depth of crown is, therefore, 
needed to perform the office of mastication during the 
brief period of life allotted to these active little mammals ; 
and, as the economy of nature is manifested in the smallest 
particulars as weU as in her grandest operations, no more 
dental substance is developed after the crown is formed 
than is requisite for the firm fixation of the 'tooth in the 
jaw. 

The rodents that exclusively subsist on vegetable sub- 
Stances; especially of the coarser and less nutritious kinds, 
as herbage, foliage, and the bark and wood of trees, wear 
away more rapidly the grinding surface of the molar 
teeth; the crowns are, therefore, larger, and their growth 
continues by a reproduction of the formative matrix at 
their base in proportion as its calcified constituents, form- 
ing the working part of the tooth, are worn away. So 
long as this reproductive force is active, the molar tooth 
is implanted, like the incisor, by a long, undivided con- 
tinuation of the crown. These rootless and perpetually 

23* 
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growing molars are always more or leas cu»ved, for they 
deriye from this form the same advantage as the incisorsy 
in the relief of the delicate tissues of the active yascnlar 

matrix from the effects of the pressure whicli would other- 
wise have been transmitted more directly from the grind- 
ing sur&ce; the eapybara^ and the Patagonian hara 
{I>olkhioiis\ afford good examples of this more oomplea^ 
condition of the grinding teeth. 

The variety in the pattern of the folds of enamel that 
penetrate the substance of the tooth, and add to its tritu- 
rating power, is almost endless ; but the folds have always 
a tendency to a transverse direction across the crown of 
the tooth in the rodents. This direction relates to the 
shape of the joint of the lower jaw, which almost restricts 
it to horizontal movements to and fro, during the act of 
mastication. In the true hoofed herbivorous animals^ in 
which the joint of the lower jaw allows a free rotatory- 
movement, the folds of enamel take other forms and 
directions, with modifications, constajit in each genus, and 
characteristic of such. 

The horse is here selected as an example of such her- 
bivorous dentition (Fig. 72). The grinding teeth are six 
in number, on each side of both upper and lower jaws, 
with thick square crowns of great length, and deeply im- 
planted in the sockets, those of the upper jaw being 
slightly curved. When the summits or exposed ends of 
these teeth begin to be worn down by mastication, the 
interblcnded enamel, dentine, and cement show the pat- 
tern figured in Cut 72 ; it is penetrated from within by a 
valley, entering obliquely &om behind forwards, and 
dividing into or crossed by the two crescentio valleys, 
which soon become insulated. There is a large lobe at 
the end of the valley. The outer surface of the crown is 
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impressed by two deep loDgitudinal channels. In the lower 
jaw the teeth are narrower traosyersely than in the upper 
jaw, and are divided externally into two convex lobes, by 
a median longitudinal fissure; internally they present 

three principal unequal convex ridges, and an anterior 
and posterior narrower ridge. All the valleys, fissures, 

Fig. 72. 
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and folds in both upper and lower grinders are lined by 
enamel, which also coats the whole exterior sur&ce of the 
crown. Of the series of six teeth in each jaw, the first 
three, p 2, 3, 4, are premolars, the rest, m 1, 2, 3, are true 
molars. 

The canines are small in the horse, and are rudimental 
in the mare ; the unworn crown is remarkable for the 
folding in of the anterior and posterior margins of enameL 

The upper canine is situated in the middle of the long 
interspace between the incisors and molars; the lower 
canine is close to the outer incisor, but is distinguished by 
its more pointed form. The incisors are six in number 

in both jaws j they are arranged close together in a curve, 



Digitized by Coogle 



272 DSV£LOPHEKT OF T£BTH IN XHB HOBSK. 

at the end of the jaw ; the crown is broad, and the contour 
of the biting sur&ce, before it is much worn, approaches 

an ellipse. The incisors of the horse arc distinguished 
from those of ruminants by their greater length and cur- 
yature, and from those of all other animals by the fold of 
enamel (Fig. 55), a, which penetrates the crown from its 
flat summit, like the inverted finger of a glove. When 
the tooth begins to be worn, the fold becomes an island 
of enamel, inclosing a cavity partly filled by cement, and 
partly by the substances of the food, and is called the 
"mark." In aged horses, the incisors are worn down 
below the extent of the fold, and the "mark" disappears. 
This cavity is usually obliterated in the first or mid in- 
cisors at the sixth year, in the second incisors at the 
seventh year, and in the third or outer incisors at the 
eighth year, in the lower jaw. The mark remains some- 
what longer in the incisors of the upper jaw. 

The following is the average course of development 
and succession of the teeth in the horse {Equua cahaUus) : 
The summits of the first functional deciduous molar, c?, 2, 
"first grinder" of veterinary authors, are usually appa- 
rent at birth; the succeeding grinder, d 3, sometimes 
arises a day or two later, sometimes together with the 
first. Their appearance is speedily followed by that of • 
the first deciduous incisor — "centre nipper" of veterina- 
rians — which usually cuts the gum between the third and 
sixth days. The second deciduous incisor appears be- 
tween the twentieth and fortieth days, and about this 
time the rudimental grinder,^ 1, comes into place, and 
the last deciduous molar, c?4, begins to cut the gum; 
about the sixth month the inferior lateral, or third inci- 
sors, with the deciduous canine, make their appearance. 
The minute canine is shed about the time that the con- 
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tiguous mouor is in place, and is not reteined beyond 

the first year. The upper deciduous canine is shed in 
the course of the second year. The first true molar, m 1, 
appears between the eleventh and thirteenth months. 
The second molar follows before the twentieth month. 
The first functional premolar, p 2, displaces the deci- 
duous molar, d 2, at from two years to two years 
and a half old. The £rst permanent incisor protrudes 
firom the gam at between two years and a half and three 
years. At the same period, the penultimate premolar, p 
3, pushes out the penultimate milk molar, d 3, and 
the penultimate true molar comes into place. The last 
premolar displaces the last deciduous molar at between 
three years and a half and four years] the appearance 
above the gum of the last true molar, m 8, is usually 
somewhat earlier. The second incisor pushes out its 
deciduous predecessor about the same period. The per- 
manent canine, or "tusk," next fallows; its appearance 
indicates the age of four years, but it sometimes comes 
earlier. The third, or outer incisor, pushes out the deci- 
duous incisor about the fifth year, but is seldom in full 
place before the horse is five and a half years old. Upon 
the rising of the third permanent indsor, or ''comer 
nipper** of the veterinarians, the "oolf becomes a ''horse," 
and the "filly," a "mare," in the language of the horse- 
dealers. After the disappearance of the " mark" in the 
incisors, at the eighth or ninth year the horse becomes 
"aged." 

The most complex condition of teeth adapted to a 

vegetable diet is that presented by the elephant. The 
dentition of the genus Ulephas includes two long tusks 
(Fig. 73), one in each of the intermaxillary bones, and large 
and complex molars {tb,), m 8, 4, and 5, in both jaws; of 



Digitized by Google 



274 TEETH OF THE ILBPHANT. 

the latter there is never more than one wliolly, or two 
partially, iu place and use on each side at any given time, 



Fig. 73. 




SECTION OF SKULL AND TEBTU OF £LGPBANT. 



for the series is eontinuallj in progress of formation and 
destruction, of shedding and replacement; and all the 
grinders succeed one another, like true molars, horizon- 
tally, from behind forward. 

The total number of teeth developed in the elephant 

incisors being preceded by two small deciduous ones, and 

the number of molar teetli which follow one another on 
each side of both jaws being seven, or at least six, of 
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which the last three may, by analogy, be regarded as 
answering to the true molars of other pachyderms. 

The iuciaors not only surpaas other teeth in size, aa 
belonging to a quadruped so enormous, but they are the 
largest of all teeth in proportion to the size of the body ; 
representing, in a natural state, those monstrous tusks of 
the rodents, which are the result of accidental suppres- 
sion of the ^rearing force of the opposite teeth. 

The tusks of the elephant consist chiefly of that modi- 
fication of dentine that is called " ivory," and which shows, 
on transverse fractures or sections, striae proceeding in 
the arc of a circle from the centre to the circumference, 
in opposite directions, and forming by their decussations 
curvilinear lossenges. This character is peculiar to the 
tusks of the proboscydian ])achydcrras. 

In the Indian elephant, the tusks arc always short and 
straight in the female, and less deeply implanted than itf 
the male; she thus retaining, as usual, more of the cha- 
racters of the immature st[itc. In the male, they have 
been known to acc^uire a length of nine feet, with a basal 
diameter of eight inches, and to weigh one hundred and 
fifty pounds; but these dimensions are rare in the Asiatic 
species. 

A mammoth^s tusk has been dredged up off Dungeness 
which measured eleven feet in length.^ In several of 
the instances of mammoth's tusks from British strata, the 
ivory has been so little altered as to be fit for the pur- 
poses of manufacture ; and the tusks of the mammoth, 
which are still better preserved in the frozen drifts of 
Siberia, have long been collected in great numbers as 
articles of commerce. In the account of the mammoth's 

' Owen's ''History ot Britiah Fossil Mamoi&lia/' 8vo. 1844, p. 241. 
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bones and teetli of Siberia, published in the Philosophical 
Transactions for 1737, No. 446, tusks are cited whicli 
weighed two hundred pounds each, and *^are used as 
iyory to make combs, boxesi and such other tihrnga, being 
but little more brittle, and easily turning yellow by wea- 
ther and heat." From tliat time to the present there has 
been no intermission in the supply of ivory, furnished by 
the tusks of the extinct elephants of a former .world. 

The musket-balls and other foreign bodies which are 
occasionally found in ivory, are immediately surrounded 
by osteo-deutine in greater or less quantity. It has often 
been a matter of wonder how such bodies should become 
completely imbedded in the substance oi the tusk, some- 
times without any visible aperture, or how leaden bullets 
may have become lodged in the solid centre of a very 
large tusk without having been flattened. The explana- 
tion is as follows : a musket-ball, aimed at the head of 
an elephant, may penetrate the thin bony socket and tlie 
thinner ivory parietes of the wide conical pulp-cavity 
occupying the inserted base of the tusk ; if the projectile 
force be there spent, the ball wiU gravitate to the opposite 
and lower side of the pulp-cavity, as indicated in Fig. 78. 
The presence of the foreign body exciting inflammation 
of the pulp, an irregular course of calcification ensues, 
which results in the deposition around the ball of a cer- 
tain thickness of osteo-dentine. The pulp then lesunung 
its healthy state and functions, coats tlie surface of tlie 
osteo-dentine inclosing the ball, together with the rest of 
the conical cavity into which that mass projects, with 
layers of normal ivory. 

The portions of the cement-forming ci^)eule surround- 
ing the base of the tusk, and the part of the pulp, which 
were perforated by the ball in its passage, are soon re- 
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placed by the active reparative power of these highly 
vascular bodies. The hole formed by the ball in the base 
of the tusk is then more or less completely Med up by 
a thick coat of cement from without^ and of osteo-dentine 
from witbin.* 

By the continued progress of growth, the ball so in- 
closed is carried forwards, in the course indicated by the 
arrow in Fig. 73, to the middle of the solidiBed exserted 
part of the tusk. Should the ball have penetrated the 
base of the tusk of a young elephant, it may be carried 
forwards by the uninterrupted growth and wear of the 
tusk, until that base has become the apex, and be ^ally 
exposed and discharged by the omtinual abTasion to 
which the apex of the tusk is subjected, 

I had the tusk and pulp of the great elephant at the 
Zoological Gardens longitudinally divided, soon after the 
death of that animal in the summer of 1S47. Although 
the pulp could be easily detached from the inner sur&ce 
of the pulp-cavity, it was not without a certain resistance; 
and when the edges of the coadapted pulp and tooth were 
examined by a strong lens, the fdamentary processes from 
the outer surface of the pulp could be seen stretching as 
they were withdrawn frcftn the dentinal tubes before they 
broke. They are so minute that, to the naked eye, the 
detached surface of the pulp seems to be entire, and Cu- 
vier was tlius deceived in concluding that there was no 
organic connection between the pulp and the ivory. 

The molar teeth of the elephant are remarkable for 
their great size, even in relation to the bulk of the ani- 
mal, and for the extreme complexity of their structure. 
The crown, of which a great proportion is buried in the 
socket^ and very little more than the grinding surface 
appears above the gnpi, is deeply divided into a number 
24 
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of transverse perpendicular plates^ consisting each of a 
body of dentine, coated by a layer of enamel, a, and tbis 

again by the less dense bone-like substance, c, which fills 
the interspaces of the enamelled plates, and here more 
especially merits the name of "cement," since it binds 
together the several divisions of the crown before they 
are fhlly formed and united by the confluence of their 
bases into a common body of dentine. As the growth 
of each plate begins at the summit, they remain detached, 
and like so many separate teeth or denticules, until their 
base is completed, when it becomes blended with the bases 
of contiguous plates to form the common body of the 
crown of the complex tooth, from which the roots are 
next developed. 



Hg. 74. 
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MOLAB TEETH OF ELEPHANTS AND THE iSIBBRIAM MAMMOTH. 
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The plates of the molar teeth of the Siberian mammoth 
{Elephas primi<jenuis\ (Fig. 74), are thinner in proportion 
to Iheir breadth, and are geaerally a little expanded at 
the middle; and they are more numeroos in proportioa 
to tbe size of the crown than in the existing species of 
Asiatic elephant {ih). In the African elephant on 
the other hand, tlie lamellar divisions of the crown are 
fewer and thicker, and they expand more imiformly from 
tbe margins to the centre, yielding a lozenge-form when 
cut or worn transversely, as in mastication. 

The formation of each grinder begins with the summits 
of the anterior plate, and the rest are completed in suc- 
cession; the tooth is gradually advanced in position as its 
growth proceeds ; and in the existing Indian elephant the 
anterior plates are brought into use before the posterior 
ones are formed. When the complex molar cuts the gum, 
the cement is first rubbed oiF the digital summits; then 
their enamel cap is worn away, and the central dentine 
comes into play with a prominent enamel ring; the digi* 
tal processes are next ground down to their common 
uniting base, and a trausverse tract of dentine, with its 
wavy border of enamel, is exposed; finally, the trans- 
plates themselves are abraded to their common 
^of dentine, and a smooth and polished tract of that 
ice is produced. From this basis the roots of the 
*ftolar are developed, aud increase in length to keep the 
: worn crown on the grinding level, until the reproductive 
i^ exhausted. When the whole extent of a grinder 
|^l^.|tucce8sively come into play, its last part is reduced to 
Sk long fang, supporting a smooth and polished field of 
dentine, with, perhaps, a few remnants of the bottom of 
the enamel folds at its hinder part. When the complex 
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molar has been tbns worn down to a uniform surface, it 
becomes useless as an instrument for grinding tbe coarse 

vegetable substances on whicli the elephant subsists; it is 
attacked by the absorbent action, and the wasted portion 
of the molar is finally shed. 

The grinding-teeth of the elephant prt)gressi vely increase 
in sisse, and in the number of lamellar divisions, from the 
first to the last; they succeed each other from behind 
forwards, moving not in a right line, but in the arc of a 
circle, shown by the curved line in Fig. 78. The position 
of the growing tooth in the closed alveolos, 5, is almost 
at right aiigles with that in use, the grinding surface being 
at first directed backwards in the upper jaw, and forwards 
in the lower jaw, and brought hy the revolving course 
into a horizontal line in both jaws, so that they oppose 
each other when developed for use. The imaginary pivot 
on which the grinders revolve is next their root in the 
upper jaw, and is next the grinding surface in the lower 
jaw; in both, towards the frontal surface of the skulh 
Viewing both upper and lower molars as one complex 
whole, subject to the same revolving movement, the sec- 
tion dividing such whole into upper and lower portions 
runs parallel to the curve described by the movementi 
the upper being the central portion, or that nearest the 
pivot ; the lower, the peripheral portion. The grinding 
surface of the upper molars is consequently convex from 
behind forwards, and that of the lower molars concave; 
the upper molars are always broader than the lower ones. 

The bony plate forming the sockets of the growing 
teeth is more than usually distinct from the body of the 
maxillary, and participates in this revolving course, ad- 
vancing forwards with the teeth. 
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SucCBSaiON. — As the rate of increase, both of size and 
in the number of the component plates of the grinding 
toothy is nearly identioal in botb jaws, it will auffioe %s> 
briefly deeeribe the teeth and the periods at whieh they 

successively appear in the lower jaw of the Asiatic ele- 
phant. 

The Jirst molar^ 'yrhidh eate the gum in the ooune of 
the second week after birth, has a sub-oompressed crown, 

nine lines in antero-postcrior diameter, divided by three 
transverse clefts into four plates, the third being the 
hsoadeet^ Mid the tooth here measuring six lines across; 
Ihtt base slightly oontraots, and forms a neck as long as 
tbe enamelled crown, but of less breadth, and this divides 
into an anterior and posterior, long, sub-cylindrical, di- 
verging^ but mutually incurved fangs ; the total length 
of ikoB tooth is one inch and a hal£ The corresponding 
upper molar cuts the gum a little eariier than the lower 
one': the neck of this tooth is shorter, and the two fangs 
are shorter, larger, and more compressed than those of 
the \owsr first mdar. The iirst mdar of the elephant is 
the homologae of the probably deciduous molar (Fig. 
75), (12 J in other ungulates; it is not a mere miniature 
of the . great molars of the mature animal, but retains, 
agreeably with the period of life at which it is dereloped, 
a character much more nearly approaching that of the 
ordinary pachydermal molar, manifesting the adherence 
to the more general type by the minor complexity of the 
orown, and by the form and relative size of the fangs. 
In the transverse divisions <^ the crown we perceive the 
affinity to the tf^iToidt3rpe, the di£Eera&t links connecting . 
which with the typical elephants are supplied by the ex- 
tinct lophiodons, diuotheriums, and mastodons. The 

24* 
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subdivision of the summits of the primary plates recalls 
the character of the molars, especially the smaller ones, 
of the phacochere in the hog tribe. As the elephant ad- 
vances in age, the molars rapidly acquire their more spe- 
cial and complex character. 

The first molars are completely in place and in full 
use at three months, and are shed when the elephant is ' 
about two years old. 

The sudden increase and rapid development of the 
decond molar may account for the no n existence of any 
yertical sacoessor, or premolari" to the former tooth, in 
the elephant. The eight or nine plates of the crown are 
formed in the closed alveolus, behind the first molar by 
the time this cuts the gum, and they are united with the 
body of the tooth, and most of them in nae^ when the . 
first molar is shed. The average lei^h of the second 
molar is two inches and a half, ranging from two inches 
to two inches and nine lines. The greatest breadth, 
which is behind the middle of the tooth, is from one 
inch to one inch three lines. There are two roots; the 
cavity of the small anterior one expands in the crown, 
and is continued into that of the three anterior plates. 
The thicker root supports the rest of the tooth. The 
second molar is worn out and shed before the beginning 
of the sixth year. 

The third molar hKB the crown divided into from eleven 
to thirteen plates; it averages four inches in length, and 
two inches in breadth, and has a small anterior, and a 
very large posterior root; it begins to appear above the 
gum about the end of the second year, is in its most 
complete state and extensive use during the fifth year, 
and is worn out and shed in the ninth year. The laai 
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remnant of the third molar is shown at m 3 (Fig. 73). It 
is probable that the three preceding teeth are analogous 
to the dedduous molara, d2f 3, and d 4, in the hog 
(Fig. 76). 

The fourth molar pTeeents a marked stiperiority of size 

over the third, and a somewhat different form ; the ante- 
rior angle is more obliquely abraded, giving a pentagonal 
figure to the tool^ in the upper jaw (Fig. 7dX m 4 The 
niunber of plates in the crown of this tooth is fifteen or 
sixteen, its length between seven and eight inches, its 
breadth three inches. It has an anterior simple and 
slender root sopporting the first three plates, a second of 
larger nse and bifid, supporting the four next plates, and 
a large contracting base for the remainder. The fore- 
part of the grinding surface of this tooth begins to pro- 
trude l^iroagh the gum at the sixth year; the tooth is 
worn away, and its last remnant ^ed, about the twentieth 
or twenty-fifth year. It may be regarded as the homo- 
logue of the first true molar of ordinary pachyderms 
(Fig. 75), m 1. 

The Jifih mola/rj with a crown of from seventeen to 
twenty plates, measures between nine and ten inches in 
length, and about three inches and a half in breadth. 
The second root is more distinctly separated from the 
first simple root than from the large mass behind. It 
begins to appear above the gum about the twentieth 
year; its duration has not been ascertained by observa* 
tion, but it probably is not slicd before the sixtieth year. 

The sixth mokur is the last, and has from twenty-two 
to twenty-seven plates; its length, or antero-posterior 
extent, following the curvature, is ^m twelve to fifteen 
inches J the breadth of the grinding surface rarely ex- 
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oeeds three indm and hal£ One mny re^aooably gob- 
jecture that the sixth mdar of the IzuUan elephant, if it 

make its appearance about the fiftieth year, would, from 

its superior depth and length, continue to do the work of 

mastication until the pondrouia pachyderm had paiseed 
the century of its enstonoew 

Dbvslophbmt. — ^The long-miBtaken phenomm of tihe 
formation of the dental substances will be here described 
as they have been observed in the large teeth of the ele- 
phant; if the description he oomprehended in regaid to 
^heqe, the mo^ complex memt^ers of the distal a^jstmny 
the true theory 6£ dental development will be Toadily 
tmderstood in regard to all the various forms and grada- 
tions of teeth* The matrix or formative organ of the 
tusk, cpD/usts of a large cQnioal polp^ whieh ia reaewed 
quicker than it is converted, and thus is not only pre* 
served, but grows, np to a certain period <^ the animal's 
life; it is lodged in the cavity at the base of the tusk; 
this base is surrounded by the remains of the capsule, a 
soft, vascular membrane of moderate thick^iess, which ia 
confluent witb the border ci the base ef the pulp, where 
^t receives its principal vessels. 

Each molar of the elephant is formed in the interior 
of a membranous sac — the capsule, the form of which 
partakes of that of the future tooth, being eubioal in the 
first molar, oblong in the last, and rhomboidal in most of 
the intermediate teeth ; but always decreasing in vertical 
extent towards its posterior end, and closed at all points, 
save where it is penetrated by vessels and nerves. It is 
lodged in an osseous cavity of the same form as itself 
and usually in part auj^nded freely in the maxillary 
bone, the bony case being destined to form part of the 
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socket of tbe tootb. The exterior of the membranotis 
capsule is simple and vascular, as shown at m 6, Fig. 78; 
its internal snrfiuse gives attachment to numerons folds 

or processes, as in most other ungulate animals. 

The dentinal pulp rises from the bottom of the capsule, 
or that part which lines the deepest part of the alveolus, 
in the form of transverse parallel plates extending to- 
wards that part of the capsule ready to escape from the 
socket. These plates adhere only to the bottom of the 
capsule; their opposite extremity is free £rom all adhe- 
sion. This summit is thinner than the base; it* might be 
termed the edge of the plate; but it is notched, or divided 
into many digital processes. The tissue of these digitated 
plates is identical with that of the dentinal pulp of simple 
Mammalian teeth; it becomes also highly vascular at the 
parts where the formation of the dentine is in active 
progress. 

Processes of the capsule descend from its summit into 
the interspaces of the dentinal pulp-plates, and conse- 
quently resemble them in form ; but they adhere not only 

by tlieir base to the surface of the capsule next the mouth, 
but also by their lateral margins to the sides of the cap- 
sule, and thus resemble partition-walls, confining each 
plate of the dentinal pulp to its proper chamber; the 
margin of the partition opposite its attached base is free 
in the interspace of the origins of the dentinal pulp- 
plates. 

The enamel organ, which Cuvier appears to have re- 
cognized under the name of the internal layer of the cap- 
sule, is distinguishable by its light blue sub-transparent 

color and usual microscopic texture, adhering to the free 
snr&oe of the partitions formed by the true inner layer 



Digitized 



288 DBVSLOPKBNT OF ELSPHAKT^S GBIKDXBS. 

of the capsule. Although the enamel-pulp be in close 
contact with the dentinal pulp prior to the commeocQ- 
ment of the formation of the tooth, one may readily con* 
oeive a vacuity between them, which ia continued uninter- 
ruptedly, in many foldings, between all the gelatinous 
plates of the dentinal pulp, and the partitions formed by 
the combined enamel-pulp and the folds of the capaole. 
According to the excretion view, this delicate apparatoa 
must have been immediately subjected to the yiolenoe of 
being compressed in the unyielding bony box, by the de- 
position of the dense matters of the tooth in the hypo- 
theticsl yacuity between the enamel and dentmal pulps ; 
a process of absorption must have been oonoeived to ba 
set on foot immediately that the altered condition of the 
gelatinous secreting organs took place ; and, according to 
Cuvier's hypothesis, the secreting function must be sup- 
posed to haye proceeded, without any irregularity or in- 
terruption, while the process of absorption was superin- 
duced in the same part to relieve it from, the effects of 
pressure produced by its own secretioxL 

The formation of the dentine commences immediately 
beneath the membraiMi prapria of the pulp ; a part which 
Cuvier distinctly recognized, and which he accurately 
traced as preserving its relative situation between the 
dentine and enamel throughout the whole formatkm of 
the dentine, and disoernible in the completed tooth ''as a 
very fine grajrish line, which separates the enamel from 
the internal substance," or dentine. 

The calci&cation and conversion of the cells of the 
dentinal pulp commence as usual at the peripheral parts 
of the lamelliform processes furthest from the attached 
base. It may readily be conceived, therefore, that, at the 
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commencement, there is formed a little cap upon each of 
the processes into which the edges of the pulp-plates are 
divided. As the centripetal calcification proceeds, the 
caps are conyerted into hom-shaped cones. When it has 
reached the bottom of the notches of the edge of the pulp- 
plate, all the cones become united together into a single 
• transverse plate; and, the process of conversion, having 
reached the base of the pulp-plate, these plates coalesce 
to form a common base to the crown of the tootli, which 
would then present the same eminences and notches that 
characterized the gelatinous pulp, if, during the period of 
conversion, other substances had not been formed upon 
the surface and in the interspaces of the pulp-plates. 

Coincident, however, with the formation of the dentine, 
is the deposition of the hardening salts of the enamel in 
the extremely slendeV prismatic cells, which are for the 
most part vertical to the plane of the inner surface of the 
folds of the capsule to which they are attached. The 
true inner part of the capsule forms those thick transverse 
folds or partitions which support the enamel organ, and 
with it fill the interspaces of the dentinal pulps. With 
regard to the formation of the cement, Cuvier, after citing 
the opinion of Tenon — that it was the result of ossifica- 
tion of the internal layer of the capsule, and that of 
Blake— that it was a deposition from the opposite surface 
of the capsule to that which had deposited the enamel, 
states his own conviction to be that the cement is pro- 
duced by the same layer and by the same surface as that 
which has produced the enamel. The proof alleged is, 
that so long as any space remains between the cement 
and the external capsule, that space is found to contain a 
Boft internal layer of the capsule with a free surface next 
the cement. The phenomena could not, in fact, be other- 
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wue explained acoording to tlie ''excretion theory" of 

dental development. To the obvious objection that the 
same part is made, in this explanation, to secrete two 
different products, Cnvier replies, that it undergoes a 
change of tissue: '^Whilst it yielded enamel only, it was 
thin and transparent; to give cement, it becomes thick, 
spongy, and of a reddish color." The external characters 
of the enamel-organ and cement-forming capsule are cor- 
rectly defined ; only, the one, instead of being converted 
into the other, is in fact changed into its supposed transu- 
dation; the enamel fibres being formed, and properly dis- 
posed in the direction in which their chief strength is to 
lie, by the assimilative properties of the piearranged 
elongated, prismatic, non-nucleated cells, which take from 
the surrounding plasma the required salts, and compact 
them in their interior. 

Whilst this process is on foot, and before the enamel 
fibres are firm in their position, the capsule begins to 
undergo that change which results in the formation of the 
thick cement; the calcifying process commences from 
several points, and proceeds oentrifugally, radiating there- 
from, and differing from the ossification of bone chiefly 
in the number of these centres, which, though close to the 
new-formed enamel, are in the substance of the inner 
vascular surface of the capsular folds. The cells arrange 
themselves in concentric layers around the vessels, and 
act like those of the enamel pulp in receiving into their 
interior the bone-salts in a clear and compact state. Dur- 
ing this process they become confluent with each other, 
their primitive distinctness being indicated only by their 
persistent granular nuclei, which now form the radiated 
Purkingian capsules. The interspaces of the concentric 
series of cooiiuent cells become filled with the calcareous 
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salts in a rather more opaque state; and the conversion of 
the capsule into cement goes on, according to the pro-- 

cesses more particularly described in the Introduction to 
my Odonto(jmijhy^ until a continuous stratum is formed 
in close connection with the layer of enamel. 

Calcification extending from the numerous centres, the 
different portions coalesce, and pr(^gressively add to the 
thickness of the cement, until all the interspaces of the 
coronal plates and the whole exterior of the crown are 
covered with the bone-like substance. The enamel-pulp 
ceases to be developed at the base of the crown, but the 
capsule continues to be formed pjdn passu with the partial 
formation of the pulp, as this continues, progressively 
contracting, from the base of the crown, to form, by its 
calcification, the roots. The calcification of the capsule 
going on at the same time, a layer of cement is formed 
in immediate connection with the dentine. The circum- 
scribed spaces at the bottom of the socket to which the 
capsule and dentinal pulp adhere, where they receive 
their vessels and nerves, and which are the seat of the 
progressive formation of these respective moulds of the 
two dental tissues, become gradually contracted, and sub- 
divided by the further localization of the reproductive 
forces to particular spots, whence the subdivision of the 
base into roots. The surrounding bone undergoes corre- 
sponding modifications, growing and filling up the inter- 
spaces left by the dividing and contracting points of' 
attachment of the residuarv matrix. All is subordinated 
to one harmonious law of growth by vascular action and 
cell-formation, and of molecular decrement by absorption. 
Mechanical squeezing, or drawing out, has no share in 
these changes of the pulp or capsule ; pressure at most 
25 I 
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exerases only a gentle stimulus to the yital processes. 

. Cuvier believed that there were places where the dentinal 
pulp and the capsule were separate from each other. I 
have nev^r found such, except nrheie the enamel-pulp 
was ipterposed between them in the crown of the tooth, 
or where both pulp and capsule adhered to the periosteum 
of the socket, below the crown. Cuvier afiirms that the 
number of fangs of an elepbant^s molar depends upon 
the number of points at which the base of the gelatinous 
(dentinal) pulp is attached to the bottom of the capsule ; 
and that the interspaces of these attachments constitute 
the under part of the crown or body of the tooth, the 
attachments themselves forming the first beginnings of 
the fangs. True to his hypothesis of the formation of the 
dental tissues by excretion, he says that the elongation 
of the fangs is produced by two circumstances; first^the 
progressive elongation of the layers of osseous substance 
(dentine) which force the tooth to rise and emerge from 
its socket ; secondly, the thickening of the body of the 
tooth by the addition of successive layers to its inner sur- 
£Eice, which, filling up the interior cavity, leaves scarcely 
room for the gelatinous pulp, and forces it down into the 
interior of the roots. 

This pulling up of the fang on the one hand, and squeez- 
ing down the palp on the other, are forces too gross and 
mechanical to be admitted in actual physiology to explain 
the growth of the root of a tooth or of any other organized 
product; such modes of explanation were, however, in- 
evitable in adopting the "excretion theory" of dental 
development. 

There are few examples of organs that manifest a more 
striking adaptation of a highly complex and beautiful 
structure to the exigences of the animal endowed with it. 
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tlmn the grinding teeth of the elephant. Wc perceive, for 
example, that the jaw is not incumbered with the whole 
weight of the massive tooth at once, but that it is formed 
by degrees as it is required ; the division of the crown 
into a number of successive plates, and the subdivision of 
these into cylindrical processes, presenting the conditions 
most favorable to progressive formation. But a more 
important advantage la gained bj this subdivision of the 
tooth ; each part is formed like a perfect simple tooth, 
having a body of dentine, a coat of enamel, and an outer 
investment of cement. A single digital process maj be 
compared to the simple canine of a carnivore ; a transverse 
row of these, therefore, when the work of mastication has 
commenced, presents by virtue of the different densities 
of their constituent substances, a series of cylindrical 
ridges of enamel, with as many depressions of dentine, and 
deeper external valleys of cement ; the more advanced 
and more abraded part of the crown is traversed by the 
transverse ridges of the enamel inclosing the depressed 
surface of the dentine, and separated by the deeper chan- 
nels of cement; the forepart of the tooth exhibits its least 
efficient condition for mastication, the inequalities of the 
grinding surface being reduced, in proportion as the 
enamel and cement have been worn away. This part of 
the tooth is, however, still fitted for the first coarse crush- 
ing of the branches of a tree; the transverse enamel 
ridges of the succeeding part of the tooth divide it into 
smaller fragments, and the posterior islands and tubercles 
of enamel pound it to the pulp fit for deglutition. 

The structure and progressive development of the 
tooth not only give to the elephant's grinder the advantage 
of the uneven surface which adapts the millstone for its 
office, but, at the same time, secure the constant presence 
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of the most efficient arrangement for the finer comminu- 
tion of the food, at the part of the mouth which is nearest 
the fauces. • . 

In the tusks of the Mastodon gigcmt^s^ the outer li^ei 
of cement is relatively thicker than in the tusks of the 
mammotli, or in those of the Indian elephant. The ge- 
neral character of the microscopic structure of the ivorj^ 
of the mastodon^s tusk is the same as that of the ele- 
phant. 

By the minuteness and close arrangement of the den- 
tinal tubes, and especially by their strongly undulating 
secondary curves, a tougher and more elastic tissue i^ 
produced than results from their disposition in ordinary 
dentine; and the modification which distinguishes ''ivory'' 
is doubtless essential to the due degree of coherence of so 
large a mass as the elephant's tusk, projecting so far from - 
the supporting socket ; and to be frequently applied in 
dealing hard blows and thrusts. 

TEETU OF THE MEOATHERIUM. 

The megatherium (Gr. megaSy great ; therion^ beast), so 
called from its colossal size — being as large as the 
elephant) and even surpassing that hugest of existing 
quadrupeds in some of its proportions — was onoe an in- 
habitant, and apparently in some numbers, of the Ameri- 
can continent, especially its southern division, and sub- 
sisted on a similar kind of food to the elephants, viz : the 
smaller branches and leaves of trees; but all the genera 
and species of megatheroid Leasts are now extinct. 
Nevertheless, from the fossil remains of the megatherium 
the anatomist is able unerringly to deduce the nature of 
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its food and many of its peculiar habits ; and also to bring 
to light a system of dentition, designed, like that of the 
elephants, for the service of cmshing and masticating a 
coarse vegetable diet tbroughout a long-protracted indi- 
vidual existence; and jet, by a modification of the forma- 
tive processes and economy of the teeth, quite different 
from those that have been adopted for the same ends in 
the elephant tribe. 

In these, as has been shown, the supply of a masticat- 
ing apparatus, to serve the requirements of a gigantic 
animal during one or perhaps two centuries of existence, 
was provided by a succesEnon of different molar teeih pre- 
senting the due complexity of structure. In the mega- 
therium, the same end was obtained by a perpetual growth 
of the same complex molar teeth — the different dental 
substances being formed at and added to the base, of the 
tooth, in proportion as they were* ground down at the 

exposed summit. 

The true number of teeth was determined by a removal 
of the mineral substances adhering to the surface of a 
portion of a fossil skull of a megatherium, brought by 
Mr. Charles Darwin, from South America (Fossil Mam- 
malia of the "Voyage of the Beagle," 4to. 1840, p. 102). 
The animal has not, as in the elephant, any tusks ; its 
teeth are molars or grinders exclusively ; they are five in 
liumber on each side of the upper jaw, and four on each 
mde of the lower jaw — eighteen in all. All these teeth 
are remarkable for their great length in proportion to 
their breadth or thickness, being from eight to ten inches 
in length, and between two and three inches only in 
breadth. They are very deeply implanted in the jaw, 
and the lower jaw has a quite peculiar form, in order to 

25* 
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acquire the requisite room for the lodgement of the lower 
teeth and their " matrices," or formative organs. 

The next peculiarity to be noticed in these, remarkable 
teeth is the great length of the conical cavity at their 
base, for lodging the part of the matrix called the " pulp 
the apex of the pulp-cavity rising as far as the part of the 
tooth where it emerges from the socket. A transvexBS 
fissure is continued from this apex to the middle concavity 
of the grinding surface of the tooth, which is thus divided 
into two halves. Each of these halves consists of three 
distinct substances — a central column of " vasQ-dentine,'' 
a peripheral and nearly equally thick layer of cement»" 
and an intermediate thinner stratum of true or "hard 
dentine." This latter has been described as being enamel ; 
but it is only analogous to that dijOt'erently constituted 
and harder substance in the compound teeth of the ele* 
phant, in regard to its relative situation, and its degree of 
density to the other constituents of the tooth of the me- 
gatherium. • 

No species of the order called ^^Brutai" or "Edentatai" 
to which ihe extinct megatherium belongs, has true ena- 
mel entering into the composition of its teeth; but the 
modifications of structure which the teeth present in the 
different genera of this order are considerable, and their 
complexity is not less that that of the enamelled teeth of 
the herbivorous, ruminant, and other hoofed animals, in 
consequence of the introduction of a dental substance — the 
" vaso-dentine" — into their composition, analogous instroo- 
ture to that of the teeth of the MyUobatea and other carti* 
laginous fishes. The cement of the megatherium's tooth 
dilTors from the vaso-dentine in the larger size and wider 
interspaces of its medullary canals, and by the presence 
of radiated bone«cells in their interspaces; but they are 
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brottglit into organic communication with each other, not 
onlj by means of the tubee of coarse dentine, but by 

occasional continuity of the vasculai' canals across that 
sabBtance. The tooth of the megatherium thus offers an 
unequiYOcal example of a course of nutriment finom the 
dentine to the cement, and reciprocally; so that the main 
substance, or body of the tooth, can obtain the requisite 
supply for its languid vitality from the vessels of the cap- 
sule as well as from those of the pulp. 

The conical cavity at the base of the tooth attests the 
large size, and demonstrates the form of the persistent 
pulp iu the living megatherium; the diameter of its base 
is equal to the part of the tooth which is formed by the 
combined d^tine and vaso-dentine. From the gradual 
thinning off and final disappearance of those substances 
as they reach the base of the tooth, it may be inferred 
that both were formed at the expense of the pulp. The 
fine dentinal tubes must have been established and cal- 
cified in the peripheral layer of the pulp, which layer 
must have been wholly so converted into the dentine; 
but as the deposition of the hardening salts proceeded 
in the rest of the pulp, certain tracts of that soft and 
vascular substance were left uncaloified, to form the me- 
dullary or vascular canals which characterize the vaso- 
dentine. The space between the inserted base of the 
tooth and the walls of the socket indicates the thick- 
ness of the dental capsule, by the ossification of which the 
exterior layer of cement was formed ; and this modifica- 
tion of the tooth-forming organ in the megatherium per- 
mitted the progressive addition of cement, as the persist- 
ence of the compound pulp occasioned the uninterrupted 
and continuous formation of the harder dentine, which is 
analogous to the enamel in the elephant's grinder. 
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In all essential characters the teeth of the megatherium 
repeat, oa a magnified scale, the dental peculiarities of the 
sloth; and since, from a similarity of the fonn, nnmber, 
kinds, and structure of teeth, a similarity of food is to be % 
inferred, it maj be concluded that the leaves and soft 
succulent sprouts of trees formed the staple diet of the 
megatherium, and of thQ cognate and contemporary me- 
galonyx and mylodon, as of the existing sloths. Hie 
enormous claws of those great extinct sloth-like quadm- 
peds, to judge by the fossorial (digging and scratching) 
character of the powerful mechanism of the limbs that 
worked them, were employed, not, as in the slo&a, to 
carry the animal to its food, but to bring the food within 
the reach of the animal, by uprooting the trees on which 
it grew. 

In the remains of the megatherium, we have eyidenoe 
of the framework of a quadruped equal to the task of un- 
dermining and tearing down the largest trees in a tro- 
pical forest. In the latter operation, it is obvious that 
t&e immediate application of the anterior extremities to 
ihe trunk of the tree would demand a corresponding 
fblcrum to be effectual ; and it is the necessity for an ad- 
equate basis of support and resistance to such an applica- 
tion of the fore-extremities which gives the explaoiation 
of the seemingly anomalous development of the pelvis, 
tail, and hinder extremities of the megatherium and its 
extinct allies. No wonder, therefore, that their type of 
structure should be so peculiar; for, where shall we now 
find quadrupeds equal, like them, to the habitual task of 
uprooting trees for food. 
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TSBTH OF THE ANOPLOTHERIUM. 

Of the extinct qnadrupeds with hoofs, and which were 
coDsequently herbivorous, the species restored by Cuvier 
from fiMsil remainB diaoovered in the quarries at Mont- 
martre, near Paris, was one of the most ancient The 
great oomparative anatomist called it ainoplo^Shmwm^ from 
the Greek words signifying " weaponless," because it had 
neither horns nor tusks. It was, however, characterized 
bj the most complete system of dentition; for it not only 
possessed incisors and canines in both jaws, but these 
were so equably developed that they formed one un- 
broken series with the premolars and molars, which cha- 
racter is now found only in the human species. 

The dental formula of the genus Amfj^hOivrium is ex* 

, , .3—8 1—1 4—4 3—8 . p 

pressed by ; % g— c _,;)_-_, m « 44, signify- 
ing that it had, on each side of both upper and lower 
jaws, three incisors, one canine, four premolars, and three 
true molars; in all, forty-four teeth. 

Those teeth which are transitorily manifested in the 
embryo state of some ruminants, as the upper incisors 
and canines and the anterior premolars, ^ 1, were in the 
ancient anoplothere retained and raised to a proportional 
equality of size and function with the rest of the teeth. 
The true molars had a broad grinding surfisboe, with ena- 
mel-covered crescentic lobes, remotely resembling those 
of the existing ruminants. In some of the smaller species 
of anoplotherium, the ruminant type of grinding surface 
was more closely adhered to, and the fossil lower jaws of 
such species, as e. ^. of the IHduiimne eervintm^ have been 
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mistaken for those of a ruminant, and have been referred 
to the gi&axiaMoschiLS, One of these interesting transitianal 
extinct quadrapedsi, described in the Geohgieal Jowmal^ 
for 1847, under the name of Dickodon^ had forty-four teeth 
in one uninterrupted series, and of the same kinds, as in 
the anoplothere; but the teeth there marked j9 4, and 
971 1, npper jaw, I bave ascertained to be "milk-teeth." 



TSETH OF RUMINANTS. 

The even-toed or artiodactyle Ungvlata^ superadd the 
characters of simplilBed form and diminished size to the 
more important and constant one of vertical succession in 
theit premolar teeth. These teeth, in the ruminants^ re- 
present only the moiety of the true molars, or one of the 
two semi-cylindrical lobes of which these teeth consist, 
with at most a rudiment of the second lobe. An ana- 
logous morphological character of the premolars will be 
found to distinguish them in the dentition of the genus 
Sus (Fig. 75, 7^2, p 3, ^; 4), in the hippopotamus, and in the 
joJiacocJicerus, or wart-hog, where the premolar series i» 
greatly reduced in number ; yet this instance of a natural 
affinity, manifested in so many /yther parts of the organi* 
zation of the artiodactyle genera, has been overlooked in 
F. Cuyier's work, above cited, although it is expressly 
designed to show how much zoological relations are 
illustrated by the teeth. 

Most of the deciduous teeth of the ruminants resemble 
in form the true molars; the last, e. g. has three lobes in 
the lower jaw like the last true molar. When, therefore, 
the third grinder of the lower jaw of any new or rare 
ruminant shows three lobes, the crowns of the premolars 
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should be sought for in the substance of the jaw below 
these, and above their opponents in the upper jaw; and 
thus the true characters of the peimaaeut dentition may 
be asoertained. 

The deoidaoiis molars are three in number on each 
side, and, being succeeded hy as many premolars, the 

ordinary permanent molar formula is p , m : 

3—3 3 — 3 

but there is a rudiment of an anterior milk-molar, dl, in 
the embryo &llow-deer, and in t)ne of the most ancient 

of the extinct ruminants {dmcalhcriurii^ Kaup) the normal 
number of premolars was fully developed. 

The molar series of all the Diphyodonts is naturally 
divisible into only two groups, premolars and molars; 

the typical number of these is ■ , - — - ; and each 

individual tooth may be determined and symbolized 
throughout the series, as is shown in the instances under 
Cut 75. 

SEAL TKIBE. 

{Phocidoiy, — ^There is a tendency to deviate from the 
ferine number of the incisors in the most aquatic and 

piscivorous of the Musteline quadrupeds, viz., the sea- 
otter (e/iAyc^ra)^ in which species the two middle incisors of 
the lower ji^w are not developed in the permanent denti- 
tion. In the family of true seals, the incisive formula is 
further reduced, in some species even to zero in the lower 

Q Q 

jaw, and it never exceeds All ih&pliocidx possess 

2 — 2 

powerful canines; only in the aberrant walrus are ihey 
absent in the lower jaw; but this is compensated by the 
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1 



singular excess of deyelopment which they manifest iu' i 

llic uj^per jaw (Fig. 70). In the pinnigrade, as in the > 
plantigrade family of carnivores, we find tbe teeth which i| 
correspond to true molars more numerous than in the ( 
digiii^prade species, and even occasionally rising to the i 
typical nmnher, three on each side; but this, in the seals, % 
is manifested in the upper, and not, as in the bears, in | 
the lower jaw. The entire molar series usually includes ^ 
five, rarely six teeth on each side of the upper jaw, and j 
fiye on each side of the* lower jaw, with crowns, which j 
vary little in size or form in the same individual; they ^ 
arc supported in some genera, as the eared seals (otonte), ; 
and elephant seals {ci/siophora), by a single fang; in other 
genera by two &ngs, which are usually connate in first 
or second teeth ; the fang or fangs of both incisors, ca- 
nines and molars, arc always remarkable for tlieir thick- 
ness, which commonly surpasses the longest diameter of 
the crown. The crowns are most commonly compressed, 
conical, more or less pointed; in a few of the largest 
species they are simple and obtuse, and particularly so 
in the walrus, in which the molar teeth are reduced to a 
smaller number than in the true seals. In these, the line 
of demarcation between the true and false molars is very 
indefinitely indicated by characters of form or position; 
but, according to the instances in which a deciduous 
dentition has been observed, the first three permanent 
molars in both jaws succeed and displace the same 
number of milk molars, and are consequently ^^ncmo- 
lars; occasionally, in the seals with two-rooted molars, 
the more simple character of the premolar teeth is 
manifested by their fangs being connate, and in the 
^mrhynchua serrideiw the more complex character of 
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of the true molars is maufeflted in the crown. In the 

Stenor/u/nchus leptonyx^ each molar tooth in both jaws is 
trilobed, tke anterior and posterior accessory curving to- 
wards the principal one, which is bent dightly back* 
wards; all the divisions are sharp-pointed, and the crown 
of eacli molar thus resemV)les tlie trident or fishing-spear; 
the two fangs of the first molar in both jaws are connate. 
In the Stenorfiyncus serridmsj the three anterior mohtrs on 
each side of both jaws are four-lobed, there being one 
anterior and two posterior accessory lobes; the remaining 
posterior molars (true molars) are five-lobed, the princi- 
pal cusp haying one small lobe in front, and three deve- 
loped from its posterior maigin; the summits of the lobes 
are obtuse, and the posterior ones are recurved like the 
principal lobe. Sometimes the third molar below has 
three instead of two posterior accessory lobes. Occasion- 
ally, also, the second, as well as the first molar above, 
has its &ng8 connate: but the essentially duplex nature 
of the seemingly single fang, which is unfailingly mani- 
iiested within by the double pulp -cavity, is always out- 
wardly indicated by the median longitudinid opposite 
indentations of the implanted base. 



TEETH OF QUABRCMAKA. 



The chief aim of cemparative anatomy being the bet- 
ter comprehension of the structure of man, we shall 
finally describe those modifications of the dental system 

which throw more immediate liglit on the nature of the 
teeth in the human subject, and w^hich are met with, as 
might be expected, in the order {Qmdrumam) of mam- 
26 
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malut that makes the nearest approach to that repre- 
sented hj the genus homo. 
Through a considerable part of the qnadrumanons 

series, e.g., in all the apes and monkejrsof the Old World, 
in all the genera, indeed, which are above the lemurs 
(cat-monkeys and slow monkeys) of Madagascar, the same 
number and kinds of teeth are present as in man; the 
first deviation being the disproportionate size of the ca- 
nines and the concomitant break, or "diastema," in the 
dental series for the reception of their crowns when the 
mouth is shut. This is manifested in both the chimpan- 
zees and orangs, together with a sexual difiereace in the 
proportions of the canine teeth. 

In that large ape of tropical Africa, called the "gorilla'* 
{Troglodytes gorilla)^ which, in some important particulars, 
more resembles man than does the smaller kind of chim- 
panzee (Troglmfytes rdger)^ the dentition seems to approach 
nearer to the carnivorous type, at least in the fall-grown 
male (see Fig. 50, p. 223). It is nevertheless strictly 
quadrumanous in its essential characters, as in the broad, 
flat, tubercttlate grinding surfaces of the molar teeth; but 
in the minor particulars in which it differe from the denti- 
tion of the orang, it approaches nearer the human type. 
In the upper jaw the middle incisors are smaller, the 
lateral ones larger than those of the orang; they are thus 
more nearly equal to each other; nevertheless, the pro- 
portional superiority of the middle pair is much greater 
than in man, and the proportional size of the four inci- 
sors both to the entire skull and to the other teeth is 
greater. Each incisor has a prominent posterior basal 
ridge^ and the outer angle of the lateral incisors, i% is 
rounded off as in the orang. The incisors incKne for- 
wards from the vertical line as much as in the great 
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orang. The characteristics of the human incisors are, in 
addition to their true incisive wedge-like form, their near 
oqoality of abe, their v^ical or nearly yertioftl poaitioQ, 
and small relative size to the other teeth and to the en- 
tire skull. The diastema, between the incisors and the 
canine on each side, is as well marked in the male chim- 
panzee as in the male orang. The crown of the canine 
(t5.X passing ontside the intecspaee between the lower 
canine and premolar, extends, in the male Troglodytes 
gorilla^ a little below the alveolar border of the under 
jaw when the mouth is shut : the canines in both jawa 
are twice the size of those teeth in the female gorilla. 

Both premolars are bicuspid ; the outer cusp of the 
first and the inner cusp of the second being the largest, 
and the first premolar consequently appearing the largest 
on an ej:tecMl view. The anterior external angle of the 
first premolar is not produced as in the orang, which, in 
this respect, makes a marked approach to the lower quad- 
rumana. In man, where the outer curve of the premolar 
part of the dental series is greater than the inner one, the 
outer cusps of both premolars are the largest; the alter* 
nating superiority of size in the chimpanzee accords with 
the straight line which the canine and premolars ibrm 
with the true molars. 

The three true molars are quadrieniqdidy relatively 
larger in comparison with the bicuspids than in the 
orang. In the first and second molars of both species of 
(shimpanzee, a low ridge connects the antero-internal with 
the postero-external cusp, crossing the ciown obliquelyt 
as in man. There is a Ibeble indication of the same ridge 
in the unworn molars of the orang; but the four princi- 
pal cusps are much less distinct, and the whole grinding 
aurfiftce is flatter and more wrinkled than in the chim- 
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panzee. The repetition of the strong sigmoid curves, 
which the unworn prominences of the £rst and second 
true molars present in mantis a very significant indica- 
tion of the near affinity of the gorilla and the chimpanzee, 
as compared with the approach made by the orangs or 
any of the inferior quadrumana^ in which the four cusps 
of the true molars rise distinct and independently of each 
other. The premolars as wdl as molars are seyerally im- 
planted by one internal and two external &ngs, diverging, 
but curving towards each other at tlieir ends as if grasp- 
ing the substance of the jaw. In no variety of the human 
species are the premolars normally implanted by three 
fangs ; at most the root is bifid, and the outer and inner 
divisions of the root are commonly connate. It is only 
in the black varieties, and more particularly that race in- 
habiting Australia, that I have found the wisdom tooth, 
or last true molar, with three &ngs as a general rule ; and 
the two outer ones are more or less confluent. 

The molar series in both species of chimpanzee forms 
, a straight line, with a shght tendency in the upper jaw to 
bend in the opposite direction to the well-marked curve 
which the same series describes in the human subject. 
This difference of arrangement, with the more complex 
implantation of the premolars, the proportionally larger 
size of the incisors as compared with the molars; the still 
greater relative magnitude of the canines ; and, above all, 
the sexual distinction in that respect illustrated by the 
skull of the full-grown male gorilla (Fig. 50, p. 223), 
stamp the chimpanzees most decisively with not merely 
specific but generic distinctive characters as compared 
with man. For the teeth arc flisliioned in their shape 
and proportions in the dark recesses of their closed 
formative alveoli, and do not come into the sphere of ope- 
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ration of external modifying causes, until the full size of 
the orowas has been acquired. The formidable natural 
weapoBSi with which the Creator has armed the poweifal 
males of both species of ohimpansee, form the compensa- 
tion for the want of that psychical capacity to forge do* 
str active ioatriimeats which has been reserved as the 
•zdLiisive prerogatlye of man. Both dbimpanzees and 
orangs di£fer firom the hitman snbjeet in the order of t^e 
development of the permanent series of teeth ; the seoood 
molar, m 2, comes into place before either of the pre- 
molars has cut the gum, and the last molar, m 3, is ac- 
quired before the canine. We may well suppose that the 
larger grinders are earlier required by the frugivorous 
chimpanzees and orangs than by the higher organized 
omnivorous species with more numerous and varied re- 
sources ; and probably one main condition of the earlier 
development of the canines and premolars in maa may 
be their smaller relative size. 

In the South American quadrumana, the number of 
teeth is increased to thirty six, by an addition of one 
tooth to the molar series on each side of both jaws. It 
might be concluded, a priori, that as three is the typical 
number of true molars in the placental mammalia with 
two Bets of teeth, the additional tooth in the cebmB would 
be a premolar, and form one step to the resumption of the 
normal number (four) of that kind of teeth. The proof 
of the accuracy of this inference is given by the state of 
the dentition in any young spider-monkey {Atelesl or 
Capucin-monkey (Oebu8\ which may correspond with that 
of the human child in Fig. 76, i e. where the whole of the 
deciduous dentition is retained, together with the first 
true molar (m 1) on each side of both jaws. If the germs 
of the other teeth of the permanent series be exposed in 
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the upper jaw (as in Fig. 76), the crown of a premolar 
will be found above the third molar in place, as well as 
above the second and first. As regards number, there- 
fore, the molar series, in the South American monkeys 
,{Mycet€S^ Atcles^ Cthus\ is intermediate between that of the 
genus Mustela and of Felis (Fig. 69) ; the little premolar, 
Tpi^in MustelOf shows plainly enough which of the four is 
wanting to complete the typical number in the South 
American monkey, and which is the additional premolar 
distinguishing its dental formula from that of the Old 
World monkeys and man. 

Zoologists have rightly stated, as a matter of &ot, that 
the little marmoset monkeys {Hapale^ OutstiUt) " have only 
the same number of teeth as the monkeys of the Old 

World — ^viz: 82, t4,c?— ^,m^ZI^." But the difference 

4 1 — 1 o — 5 

is much greater than this numerical conformity would 

lutimatc. In a young Jacchus penicillatus, I find that 
there are three deciduous molars displaced by three pre- 
molars, as in the other South American quadrumana, and 
that it is the last true molar, m 8, the development of 

which is suppressed, not the premolar, 2, and thus these 
diminutive squirrel-like monkeys actually differ from the 
Old World forms more than the Cebidm do ; t. e. they di^ 

not only in having four teeth (p 2 which the mon- 

1— — 1 

keys of the Old World do not possess, but also by want- 
ing four teeth (m 8 p-^)} which those monkeys, as well 

as the (khidm^ actually have. It is thas that the investi- 
gation of the exact homologies of ])nrts leads to a recog- 
nition of the true characters indicative of zoological 
affinity. 
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3 3 3 3 

Most of tlie LemunnoR liave p ^- — - jn - — together with 

remarkable modifications of their incisive and canine 
•teeth, of which an extreme example is shown in the pecti- 
nated tooth of the galcopiihecus. The inferior incisors 
slope forwards in all, and the canines also, which are 
contiguous to them, and yery similar in shape. 

In the hoofed quadrupeds with toes in uneven number 
( 2^crissodarti/la\ whose premolars, for the most part, repeat 
both the form and the complex structure of the true 
molars, such premolars are distinguished by the same 
character of development as those of the wrtiodactyla^ oft 
ungulates, with toes in even number ; although here the 
premolars are distinguished also by modifications of si2se 
and shape. The complex ridged and tuberculate crowns 
of the second, third, apd fourth grinders of the rhinoceros, 
-hyrax, and horse, no more prove them to be true molars 
than the trenchant shape of the lower carnassials of the 
lion proves them to be false molars. It is by develop- 
ment alone that the primary division of the series of 
grinding teeth can be established, and by that character 
only can the homologies of each individual tooth be de- 
termined, and its proper symbol applied to it. 

In Fig. 72, the three posterior teeth of the almost uni- 
form grinding series of the horse's dentition are thus 
proved to be the only ones entitled to the name of 'Hrue 
molars;" and, if any one should doubt the certainty of 
the rule of counting, by which the symbols, ^ 4, ^ 3, and 
p 2, are applied to the three large anterior grinding teeth 
(/ft.), which are commonly the only premolars present in 
each lateral series of the horse's jaws, yet the occasional 
retention of the diminutive tooth {p 1), would establish 
its accuracy, whether such tooth be. regarded as the first 
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of the deciduous series unusually long retained, or the 
unusually small and speedily lost successor 1) of an 
abortive {d 1). 

The law of development, so beaotif ul for its instraotiY^- 
ness and constancy in the placental dtphyodonts, is well 
illustrated in the little hyrax, in which the 1 is normally 
developed and succeeded by a permanent, p 1, differing 
from the xest only by a graduated inferiority of size, 
which, in regard to the last premolar, ceases to-be a dis- 
tinction between it and the first true molar. 

The elephant, which by its digital characters belongs to 
the odd-toed, or perissodaotyle, group of pachyderms, also 
resembles them in the close agreement in fwm and stnie- 
ture of the griudiug teeth representing the premolars, with 
those that answer to the true molars of the hyrax, tapir, 
and rhinoceros. The gigantic proboacidian pachyderms 
of Asia and Africa present, however, so many peculiari- 
ties of structure as to have led to their being located in a 
particular family in the Systematic Mammalogies. And 
this seems to be justified by no character more than hj 
the smgular seeming exception which they present to the 
diphyodont rule which governs the dentition of other 
hoofed quadrupeds. In fact, the elephant, like the du- 
gong, sheds and replaces vertically only its incisors, 
which are also two in number, very long, and of constant 
growth, forming tusks, with an analogous sexual differ- 
ence in this respect in the female of the Asiatic species. 
The molars, also, are successively lost, are not vertically 
replaced, and are reduced finally to one on each aide of 
both jaws, which is larger than any of its predecessors. 
These analogies are interesting and suggestive in connec- 
tion with the other approximations in the ^'Sirenia'' to 
the paehydermal type. 
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In the mammalian orders with two sets of teeth, these 
organs acquire £xed individual characters, receive special 
denominations, and can be determined from species to 
\Bpeoies. This individnalization of the teeth is eminently 
significative of the high grade of organization of the ani- 
mals manifesting it. Originally, indeed, the name "in- 
cisors," "laniaries," or " canines," and "molars" were given 
to the teeth, in man and certain mammals, as in reptiles^ 
in reference merely to the shape and offices so indicated; 
but they are now used as arbitrary signs, in a more fixed 
. and determinate sense. In some carnivora, e. g. the front 
teeth have broad tuberculate summits, adapted for nip- 
ping and bruising, while the principal back teeth are 
shaped for cutting, and work upon each other like the 
blades of scissors. The front teeth in the elephant pro- 
ject from the upper jaw, in the form, size, and direction 
.of long-pointed horns. In short, shape and size are the 
least constant of dental characters in the mammalia; and 
the homologous teeth are determined, like other parts, by 
thdir relative position, by their connections, and by their 
development. 

Those teeth which are implanted in the premaxillary 
bones, and in the corresponding part of the lower jaw, are 
called "incisors," whatever be their shape or size. The 
tooth in the maxillary bone, which is situated at, or near 
to, the suture with the premaxillary, is the " canine," as is 
also that tooth in the lower jaw whiohj in opposing it, 
passes in front of its crown when the mouth is closed. 
The other teeth of the first set are the "deciduous molars 
the teeth which displace and succeed them vertically are 
the premolars;" the more posterior teeth, which are not 
displaced by vertical successors, are the " molars" properly 
so called. 
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The hog iff one of tfia few exialing quadrapeda which 

retain the typical number and kinds of teeth. 

Figure 75, part of the lower jaw of a young hog, iUuSp 
tnMm ihe phenomena of development which diBtinguisAiei 
lihepiemolarafiromtiie molars. The first premolar, |> 1, 



Fig. I a. 




Dscnirous Aim VBRXAVKirT tbbtm of thb hoci^ 

and the first molar, m 1, are in place and use, together 
with the three deciduous molars, 2, c? 3, and d 4 ; the 
second molar, m 2, has just begun to cut the gum; ^ 2, 
p 3, and p 4, together with m 3, are more or less, incom- 
plete, and concealed in their closed alveolL 

The premolars must displace deciduous molars in order 
to rise into place ; the molars have no such relations. It 
will be observed that tlic last deciduous molar, d 4, has 
the same relative superiority of size to 3, and d 2, which 
m 3 bears to m 2 and m 1 ; and the crowns of j9 8 and jp 
4 are of a more simple form than those of the milk-teeth 
which they are destined to succeed. 

The germ of the permanent canine has not yet appeared 
below the deciduous one, e; those of the permanent .in- 
cisors, i 1, i 2, t 3, are seen ready to push out the decidu- 
ous incisors d\d^^dZ, When the whole of the second 
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mi of teeth is in place, its nature is indicated by the 

n , .8—3 1—1 4—4 3—3 . . , . , . 
formula: — t- — c - — -^jo- — m - — ^»44: wmcn sig- 

utiles that there are, on each side of both tipper and lower 

jaws, three incisors, one canine, font premolars, and three 
molars, making in all forty-four teeth; each distinguished 
by the symbol marked in the cut. 

When the premolars and the molars are below their 
typical nnmber, the absent teeth are missing from the fore 
part of the premolar series, and from the back part of the 
molar series. The most constant teeth are the fourth 
premolar and the first true molar ; and, these being known 
by their order and mode of development, the homologies 
of the remaining molars and premolars are determined by 
counting the molars from before backwards, e. g., " one," 
"two," " three," and the premolars from behind forwards, 
"four," "three," "two," "one." 

Examples of the typical dentition are exceptions in 
the actual creation ; but it was the rule in the forms of 
mammalia first introduced into this planet; and that, too, 
whether the teeth were modified for animal or vegetable 
food. 

With regard to the human dentition, the discovery by 

the great poet Goethe of the limits of the premaxillary 
bone in man, leads to the determination of the incisors, 
which are reduced to two on each side of both jaws; th^ 
contiguous tooth shows by its shape, as well as position, 
that it is the canine, and the characters of size and shape 
have also served to divide the remaining five teeth in 
each lateral series into two bicuspids and three molars. 
In this instance, the secondary characters conform with 
the essential ones. But, since we have seen of how little 
vilae shape or size are, in the order camivora, in the de- 
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termination of tbe exact liomologies of tbe teetb, it is 

satisfactory to know tliat the more constant and important 
character of development gives tke rec[uisite certitude as 
to the nature of the soiled bicuspids in tbe human sub- 
ject. In Fig. 76, tbe condition of tbe teeib is shown in 




DKClDUOtS AM> 1>KRMAN£KT TEBTB, HUMAN, Ml. 7. 



the javs of a child of about six years of age. The two 
• incisors on each side, i, are followed by a canine, e, and 

this by three molar teeth like those of the adult; in fact, 
the last of tlie three, 7??, is the first of the permanent 
molars; it has pushed through the gum, like the two 
molars which are in advance of it, without displacing any 
previous tooth, and tbe substance of tbe jaw contains no 
germ of any tooth destined to displace it; it is, theieiore, 



Digitized by Google 



VOTATIOK AND SYMBOLS OF TSBTH. 818 

by this oharacter of its development, a trae molar, and 

the germs of the permanent teeth, which are exposed in 
the substance of the jaw, between the diverging fangs of 
the molars dZ and d4, prove those molars to be tempo- 
rary, destined to be replaced, and prove also that the teeth 
about to displace them are premolars. According, there- 
fore, to the rule previously laid down, we count the per- 
zoanent molar in place as the first of its series, m 1, and 
the adjoining premolar as the last of its series, and con- 
sequently the fourth of the typical dentition, or p 4. 

"We are thus enabled, with the same scientific certainty 
as that whereby we recognize in the middle toe of the 
foot the homologue of that great digit which forms the 
whole foot and is incased by the hoof of the horse, to 
point to p 4, or the second bicuspid in the upper jaw, and 
to m 1, or the first molar in the lower jaw, of man, as the 
homologues of the great camassial, or flesh-cutting teeth 
of the lion (Fig. 69). We also conclude that the teeth 
which are wanting in man to complete the typical molar 
series are the first and second premolars, the homologuea 
of those marked p 1 and ^ 2 in the hog. The character- 
istic shortening of the maxillary bones required this dimi- 
nution of the number of their teeth, as well as their size, 
and of the canines more especially ; and the still greater 
curtailment of the premaxillary bone is attended with a 
diminished namber and an altered position of the incisors. 

The homologous teeth being thus determinable, they 
may be severally signified l)y a symbol as well as by a 
name. The incisors, e. g., are here represented by their 
initial letter, ^ and individually by an added number, il, 
1 2, and 1 8; the canines by the letter c; the premolars by 
the letter p; and the molars by the letter m; these also 
being difterentiated by added numerals. Thus the num- 
27 
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ber of these teeth, on each side of both jaws, in any given 
species — man) c. g. — may be expressed by the following 

brief formula: c?— J, »?Il|,m|ll|=32: and the 

2—2' 1—1' ^2— 2' S-^ ' 

bomologies of the typical formtik may be signified by i 1, 

1 2 ; c; 2? 3, j9 4 ; m 1, m 2, m 3 ; the suppressed teeth being 

i3, andjt?2. 

These symbols, it is hoped, are so plain and simple as 
to have formed no obeitacle to the ftdl and easy compre* 
hension of the facts explained by means of them. If 
these facts, in the manifold diversities of mammalian 
dentition, were to be described in the ordiharj nhij, by 
means of yerbal phrases or definitions of the teeth — e.g. 
" the second deciduous molar, representing the fourth in 
the typical dentition," instead of d 4, and so on — the de- 
Bciipldon would occupy much space, and wonld levy waxSx 
a tax up<^ the attention and memoiy as most tend to 
enfeeble the judgment, and impair the power of seizing 
and appreciating' the results of the comparisons. 

Each year's experience strengthens my conviction that 
the rapid and sucoessfol progress of the knowledge of 
ammal Btmctures, and of the generalization dedncible 
therefrom, will be mainly influenced by the determina- 
tion of the nature or homology of the parts, and by the 
concomitant power of oond^ing the propositions relating 
to them, and of attaching to them signs or symbols equiva* 
lent to their single substantive names. In my work on 
the Arclietype of the /Skeleton^ I have denoted most of the 
bones by umple numerals, which, if g&a&nHy adopted, 
might ti^e the place of names; and all the propositions 
respecting the centrum of the occipital vertebra might be 
predicated of the figure "1" as intelligibly as of "basi- 
ocdpital." 
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The symbols of the teeth are fewer, are easily under- 
Btood and remembered, render unnecessary the endless 
repetition of the verbal definitions of the parts, harmonize 
conflicting synonymes, serve as a universal language, and 
express the author's meaning in the fewest and clearest 
terms. The entomologist has long found the advantage 
of snch signs as and 9, signifying male and female, and 
the like; and it is time that the anatomist shonld avdl 
himself of this powerful instrument of thought, instruc- 
tion, and discovery, from which the chemist, the astrono- 
mer, and the mathematician have obtained snch important 
results. 
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Acrodus (Gr. akros extreme, and 
odoiM a tooth), osteodentine of 
tlie, 242 

Albatross, cranial development of 
the, 222 

Alisphenoid bone of the python's 
skull, IS 

Amphicoelian type of vertebrce (Gr. 
amphi both, and koilos concave), 
08 

Amphiuma, batrachian (Gr. amphi 
about, and hymen a membrane), 
skeleton and limbs of the, 1fi4 

Anapophysis (Gr. ana backwards, 
and apophysis springing from), 21 

Anarrhicas lupus (Gr. the wolf- 
fish), teeth of the, 24fi 

"Angler," teeth of the fish so called, 
244 

Animals, original substance of, ; 
extinct races of, 227 

Anoplotheriura (Gr. anoplos un- 
armed, and therion a beast), 
teeth of the, 291 

Ant-eaters, teeth of the, 238 ; eden- 
tulous mammals, 2q& 

Anthropotomist (Gr. anthropos a 
man, and tome dissection), 117 

Antibrachial bones (Gr. an/i against, 
and brachia arms), 21ii 

Ape, skeleton of the, 21Q ; dentition 
of the, 302 

Apodal (Gr. a and pedes wanting 
feet), m 

Aponeurotic (Gr. apo from, and 

27 



neuron a nerve), membranes so 

called, Ifi 
Archetype of the human skeleton, 

modifications of the, 215 ei seg. 
Arniudillo, dermal bones of the, 19; 

teeth of the, 2^2Q 
Articular, the bone, of fishes, 45 
Artiodactyla (Gr. artios in even 

number, and dactylos finger), 

family of the, lfi2 ; dentition of 

the, 802 

Astragalus (Lat. the ankle-bone), 
; of the hind foot in quadru- 
peds, 185, ISI 

Ateles (Gr. ateles imperfect), denti- 
tion of the, ajQ5 

Atlas and axis vertebra) of the 
crocodile, 2fi 

Australian skull, facial angle of 
the, 22i 



B 



Balena (Lat. a whale), teeth of the, 

on ' 



Balistes (Gr. balios speckled), den- 
tine of the, 2i2 

Barracuda fish, formidable denti- 
tion of the, 248 

Basioccipital of the python (Gr. 
basis the base, and Lat. occiput 
back of the head), 22 

Basisphenoid bone of the python's 
skull (Gr. basis the base, and 
«pAenand eidos, wedge-shaped), 

Bat, skeleton of the, 1118 

Batrachia (Gr. batrachos a frog). 
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skeleton of tbe, 64 et seq. (See 
Froo. ) 

Bicuspis (Lat. bia twice, and cuspii 
a point), shape of the molars, ^[QB 

Birds, composition of their bones, 
1^ ; skeleton of, IM et seq. ; wing 
bones of, lAl; pelvis and leg 
bones of, 141; structure of the 
foot in, 148 ; mechanism of flight 
in, 145 

Boa-constrictor, skull of the, 81 ; 
jaws of the, M.; section of its 
skull, QQ 

Bones, on the formation and com- 
position of the, 13 el teq. ; of the 
vertebrate animals, 15j their che- 
mical composition, Ih ; matter of, 
variously disposed, ib. ; the blas- 
tema and cartilage of, 21 ; the 
primitive bases of, 21 ; the growth 
of, 22; structure of, in different 
classes of animals, 24 ; names of 
different cells, ib. (see Skeleton); 
of the fish, 3iS et seq. ; of the head, 
general and special names of, 48 ; 
classification of the, bQ. 

Bonito, teeth of the, 242 

Bothriolepis (Gr. bothrion a hollow 
pit, and lepis a scale), plicideu- 
tine of the, 241 

Bottle-nose cetacean, teeth of the, 
259 

Bradypiis tridactylus (Gr. bradus 
slow, and pons a foot ; tria three, 
and daklyloi fingers), bones of 
the, m 

Brain, the upper or anterior divi- 
sion of tlie great trunk of the 
nervous system, 3Q 

Branchial arches (Gr. branchia the 

gillH), 42 
Branchiostcgal rays (Gr. branchia 
the gills, and Lat. tego to cover), 

44^ m 

Bruta, order of their numerous 
teeth, 2511; dentition of the, 234 



C 

Cachalot, teeth of the, 253 
Cftlcanenm bone, or calcaneal pro- 



cesses (Lat. calx, or calcaneum^ 
the heel), 133^ 14G, HTj of the 
hind foot in animals, 1 85, 187. 
Calcification of the dental process, 

Canines (Lat cants a dog), of the 
Carnivora, 2fi4 ; of the horse, 211 
Capucin monkey, dentition of the, 

mt 

Carapace (Gr. karabos a crab) of 

the turtle, 124 
Carnivora (Lat. caro flesh, and voro 

to devour), teeth of the, 264 
Carnivorous mammalia, skeleton of 

the, 200 

Carpal bones of the cod-fish (Gr. 
karpos the wrist), 41^ 42^ of the 
crocodile, 118 ; in man, 216 

Caudal vertebrae (Lat. cauda the 
tail), modificaiions of the, 65^ 102 

Cebus (Gr. kebus a species of mon- 
key), dentition of the, 205 

Cellidar substance of animals, 13. 

Cement of the teeth, 223 

Centrum (Gr. kentron a centre), the 
centre bone of the vertebra, 26, 
82. 33; of the parietal vertebra* 
called basisphenoid, 43; called 
presphenoid, 45 

Ceratohyal (Gr. keras a horn, and 
hualos glass), 44^ 53 

Cercopithecus (Gr. kerkos a tail, and 
pithex an ape), skeleton of the, 211 

Cestracion (Gr. kestron a dart), os- 
teodentine of the, 242 

Cetacea, or Cetacians (Gr. kete a 
whale), limbs of the, IM ; skele- 
ton of the, 153 

Cetiosaurus (Gr. kete a whale, and 
saura a lizard), vcrtcbrfle of the, 
38 

Chflctodonts (Gr. chaite a bristle, and 
odou a tooth), teeth of the, 242 

Chelonian reptiles (Gr. chelone a 
tortoise), osteology of the, IDQ et 
seq. (see Tortoisb) ; masticating 
organs of the, 243 

Chimjcroids (Gr. chimara a mon- 
ster, and eidos resemblance), va- 
sodcntine of the, 241 

Chimpanzee, cranial development of 
the, 223 ; dentition of the, 802 
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CithcrinsB (Or. cUhara a harp), 
teeth of the, 242 

Clavicles (Lat. claxyu a key), 03 

Cobra, skeleton of the, 14 

Cod-fish, bones of the, 3fi tt »eq. ; 
its skull, 31 ; its occipital verte- 
bra, 4Q 

Condyloid cavity (Gr. kondylos a 
protuberance, and eidos resem- 
blance), 145; in birds, 141 

Confluent (Lat. confluent flowing to- 
gether), 42 

Connate (Lat. con and nattu bom 
together), 42 

Coracoid bone (Gr. korax and eidos 
crow-like), 4i) 

Cottoids (Gr. kotte a head, and eido9 
resemblance), osteodentine of 
the, 242 

Cotyloid cavity (Gr. kotyle a drink- 
ing-cup, and eidos resemblance), 
144 

Cranial arches (Lat. cranium the 
skull), 1Q2 

Cranium (Gr. kranion the skull), 
application of the term, 52 ; its 
progressive expansion in various 
animals, 222 

Crocodile, osteology of the, OS et 
seg. ; skeleton of the, 95, 113 ; 
vertebne of the, fifi ; vertebrae of 
extinct species, 97, 28 ; its skull, 
103 et seg. ; its limbs, 1 1 5, 117 ; 
pelvis and hind-limb of the, 119; 
its cranial development, 222 ; its 
teeth, 2M 

Ctenodus (Gr. odous a tooth), osteo- 
-dentine of the, 241 

Cuboides bone (Gr. kubos a cube, 
and eidos resemblance), 134 ; cu- 
boid of the hind foot in animals, 
185, IBG 

Cuneiforme, one of the carpal bones, 
21ii 

Cuvier, Baron, his contempt for 
metaphysical theorizing, 221 

* 

D 

Dendrodcntine (Gr. dendron a tree, 
and Lat. dens a tooth), in fishes, 

241 



Dendrodus (Gr. dendron a tree, and 
odous a tooth), dendrodcntine of 
the, 241 

Dental systems (see Teeth). 

Dentary, the, 41i 

Dentinal tissues of the teeth, 231 

Dentine (Lat. dens a tooth), the tis- 
sue forming the body of the tooth, 
230; first modification of, 232; 
disposition of the, 232; modifi- 
cations of, in various genera of 
fishes, 242 ; of the elephant, 283 

Dentition (see Teeth). 

Dermoskeleton (Gr. derma the skin, 
and skeleton), 16j of the stur- 
geon, 12 ; of the armadillo, &o., 
1£ ; chief developments of the, 
31 ; the cranial bones, the supra- 
temporals, the superorbitals, the 
suborbitals, the lachrymal, and 
the labials, 52 

Diapophyses (Gr. dia across, apo 
.from, and phttsis growth), bones 
of the vertebra, 2fi et seg. sa-pe; 
of parietal vertebra called mas- 
toid bone, 43 

Diastema of the horse (Gr. dia be- 
tween, and istemi to stand), IfiH 

Dicynodon lacerticeps (Gr. di two, 
kuon dog, and odous a tooth, and 
Lat. lacerta a lizard), skull and 
teeth of the, 253 

Dicynodonts (Gr. see ante), denti- 
tion of the, 253 

Diodon (Gr. dis double, and odous a 
tooth), 243, 242 

Diver, tarso-metatarse of the, 148 

Dog, cranial development of the, 
223 

Dolphin, teeth of the, 25Q 

Duck, skeleton of the, 141 ; quill 

feathers of the, 144 
Dugong, skeleton of the, 152 

B 

Ectocalcaneal (Gr. ektos out of, and 

calcaneum the heel), 147 
Ectocarotid canal (Gr. ekto out of, 

and karos stupor), 160 
FiCtocondyloid surface (Gr. ektos out 
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of, and kondyloi a protuberance), 

146 

Ectocuneiform (Gr. ektoi out of, 
and Lat, cuneus a wedge), 170 ; 
of the hind foot in animals, 185, 
IBS 

Ectometatarse (Or. ektos out of, 

meta over, and tarto* the palm of 

the hand or foot), lil 
Ectocnomial ridge (Gr. ektos out of, 

and kneme the knee), 115 
Ectopterygoid (Gr. ektos sixth, pie- 

ryx a wing, and tidot^ likeness), 

angle of the, 80^ 82 tl seq. istpe, 
Edaphodonts (Gr. dapio to tear, and 

odous a tooth )^ dental masses of 

the, 

Edentata (Lat. edens eating), skele- 
tons of the, 152. dentition of the, 
2M 

Elephant; its tarsal bones, 187 ; 

denUtion of the, 238, 2^ 259, 

302; its skull and teeth, 2Iil ; its 

tusks and molars, 274 et teq. 
Enamel of the teeth, 233; of the 

elephant's tooth, 285 
Endoi^jkelcton (Gr. endoa and akeleloi 

the inner skeleton), llii 
Entocalcaneal process (Gr. entos 

within, and Lat. calcaneum the 

heel), 141 
Entocondjloid cavity (Gr. entos 

within, condylos a protuberance, 

and eido8 resemblance), 147 
Entometatarse (Gr. entos within, 

meta over, and tarsos, the palm of 

the hand or foot), liZ 
Eutopterjgoids (Gr. entos within, 

and pterygoidos wing-like), 48^ 169 
Entostemum (Gr. entos within, and 

sternon the oreast-bone), 12B 
Epapophysis (Gr. epi above, and 

apophysis springing from), 28 
Epicnemial ridge (Gr. q^tupon, and 

kneme the knee), 145 
Epidermoid system (Gr. qyi upon, 

and dermos the skin), 141 
Epiphyses (Gr. epi and phuo grow- 
ing upon), the ossified ends of 

bones, 22 
EpiHtemal (Gr. epi and sternon on 

the brenst-bone), 12S 



Epistemum (Gr. ut arUe)^ 128; of 

the crocodile, 115 
Epi tympanic bone (Gr. epi and /ym- 

panon on the drum), 4ii 
European ekull, facial angle of the, 

224 

Eustachian process (leading from 
the pharynx to the tympanum, so 
called from Eustachius the dis- 
coverer), IfiQ 

£x-occipitals of the python (Lat. ex 
from, and occiput the back of the 
head), 1& 

Exoskeleton (Gr. ex and skelelos the 
outer skeleton), 112 



F 

Fabella (Lat. a little bean) of the 

sloth, 122 
Facial angle, representations of the, 

in various animals, 222; of the 

Australian and the European, 224 
Femur (Lat. the thigh-bone) of the 

crocodile, 1211 
Fibula (Lat. fil/ula the lesser bone 

of the leg) of the crocodile, 12Q ; 

of the sloth, laa 
Fins of fishes ; structure of the, 65 ; 

the ventral, 62 ; general action of 

the, ib. 

Fishes, composition of their bones, 
14 ; vertebne of, 33 ; skeleton of, 
ib. et seq. ; the first forms of ver- 
tebrate life, SOj arrangement of 
bones in their heads, ib. ; modifi- 
cations of the jaws of, 51; their 
caudal vertebroB, 65^ modifica- 
tions of the fin-rays of, 56; oste- 
ological structure of their heads, 
ib. ; adaptation of their skull and 
skeleton to aquatic life, 69^ 61 ; 
action of their fins, 63j their 
system, 24Q; shedding and dental 
renewal of the teeth in, 242 

Flying lizard, vertebras of the, 22 

Foot, distinct bones of the, in dif- 
ferent mammalia, 185, 186 ; law 
of simplification of the, IM 

Foramina (Lat. foramen an open- 
ing), 8Q 
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Frog, skeleton of the, fiS^ 69, II ; 

metamorphosis of its skeleton, 

fi8 ; of its skull, IQ 
Frontal segment, or vertebrre, 4]L 
Frontals (Lat. from the front) of 

the python's skull, Zd 
Furculum bone (Lat. furca a fork), 



G 

Galeopithccus (Or. gaU a weasel, 
and pilhikot a monkey), teeth of 
the, aOL 

Ganoid (Qr. ganos brightness), a 
term applied to the scales of cer- 
tain fishes, ]3. 

Ginglymoid condyle (Gr. ginglymoa 
and eidoa hinge-like), 4ii 

Graffe, skeleton of the, 170; bony 
sU'ucture of its head, 114 

Glossohyal (Gr. gloua the tongue, 
and hyoid the bone like the Greek 
letter upsilon)^ 53 

Glyptodons (Gr. glupho to engrave, 
and odoui a tooth) of S. America, 

2a 

Gobioids (Lat. gobio a gudgeon, and 

Gr. eidos resemblance), osteoden- 

tine of the, 2A1 
Goniodonts (Gr. ^onta an angle, and 

odous a tooth), teeth of the, 2A2 
Goose, skeleton of the, 140 ; quill 

feathers of the, lAA 
Gorilla, dentition of the, 302 
Grinders of the elephant, 2H1 et seq. 
Gryllotalpa (Gr. grilUzo to grunt, 

and Lat talpa a mole), bones of 

the, m. 



II 

Htcmal arch (Gr. haima blood), of 
the vertebra, 26, 43 ; of the occi- 
pital vertebra of the cod-fish, 10; 
called the hyoidean arch, 43 

Hsemal arches of the skull — the 
scapular, the hyoidean, the man- 
dibular, and the maxillary, 61; 
diverging appendages of the — 



the pectoral, the branchi-ostegal, 
tlie opercular, and the pterygoid, 
bl 

Haemal spine of parietal vertebra, 
its divisions — basihyal, glosso- 
hyal, and uruhyal, 44 

Ilscmapophyses (Gr. haima blood, 
and apophysis springing from), 
bones of the vertebra, 21 et seq. 
ssepe. 

Htcmapophysis of the parietal ver- 
tebra, its divisions — epihyal and 
ceratohyal, 44 

Hallux (Lat. the great toe), 14fi 

Head, bones of the, 48; and their 
classification, 482 49j structure 
of the, in fishes, 56 

Hearing, organ of, 31 ; in the cod- 
fish, 43; the petrosal and the 
otosteal of the cod-fish, 42 

Hippopotamus (Gr. hippos a horse, 
and potamos a river), skeleton of 
the, 178 ; tarsal bones of the, 187 

Hog, osteology of the, 180; denti- 
tion of the, 310 

Holoptychius (Gr. holos entire, and 
plychos a fold), plicidentine of 
the, 241 I 

Hoofed beasts, even-toed, osteologi- 
cal characters of, ISO 

Hoofed quadrupeds, skeletons of, 

Hornbillf enormous beak of the, 24 
Horse, skeleton of the, 162 ; ita 
vertebral formula, IM ; its tarsal 
bones, 185, 180; incisor tooth of 
the, 235; herbivorous dentition 
of the, 210 ; its upper and lower 
molars, 211 ; development and 
succession of teeth in the, 272 
Human teeth, homologies of the, 
318 

Hyena, dentition of the, 265; 

strength of his jaw, ib, 
Hybodus, (Gr. hybos hump-backed, 

and odotis a tooth), osteodentino 

of the, 242 
Hydromys (Gr. hydor water, and 

mus a mouse), 250 
Hyoidean arch (Gr. u-eidos like the 

letter U), the name of a hsemal 

arch, 44, 53 
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Iljostemal (Gr. hyo^ and slemon 

the breast bone), 128 
Hypapophysis (Gr. hypo below, and 

apophysis springing from), 28 
Hyperoodon (Gr. hyper above, and 

odoxju a tooth), dentition of the, 

259 

Hypostemal (Gr. hypo under, and 
tternon the oreast-bone), 128 

Hypotympauie bone (Gr. hypo and 
tympanon under the drum), M 

Hyrax (Gr. hyrax the rock rabbit), 
dentition of the, 3ii8 



I 

Ichthyosaurus (Gr. ichthus a fish, 
and mura a lizard), vertebrse of 
the, 28 

Iguana, osteology of the, 91^ 83 
Igunnodon (Gr. iguana a saurian 
reptile, and orfow* a tooth), den- 
tition of the, 2^ 
niac bones (Lat. ilia the flanks), 1^ 
Incisor tooth, magnified section of 
the, 23Q 

^incisors (Lat. inctedo to cut in), of 
the camivora, 2^4 

Intcrcondyloid tract (Lat. inter be- 

- tween, and Gr. kondylot a protu- 
berance), lAfj 

Ischium (Gr. itchis the lumbar re- 
gion), m 

Ivory, supplied from the discovered 
tusks of the mammoth, 21h ; mus- 
ket-balls often found in, 21^ 



J 

Jacchus (Gr. iacho to cry aloud), 

dentition of the, Sfifi 
Jaws of fishes, modifications of the, 

^ ; of the boa-constrictor, 8^ 



K 

Kangaroo, skeleton of the, 2QIi 



L 

Labroids (Gr. lahros voracious, and 
eidos appearance), dentine of the, 
211 

Labyrinthodonts (Gr. labyrinthot a 
labyrinth, and odous a tooth), a 
singular variety of extinct Batra- 
chians, 286; teeth of the, ib. 

Lachrymals (Lat. /aerywja? tears), 81 

LameUiform teeth of fishes (Lat. 
lamina a thin plate, and forma 
shape), 2fi3 

Lancelet-fish, skeletal framework of 
the, 25 

LemuridsB (Lat. lemttr a hobgoblin), 

teeth of the, SOI 
Lemurs, teeth of, 807 
Lepidosiren (Gr. lepis a scale, and 

siren a water-nymph), osteoden- 

tine of the, 242 
Lepidosteus (Gr. Upis and osteon 

bony-scaledj, a fish of the Ohio, 

Leptobranchii (Gr. leptos slender, 

and branches the throat), order 

of the, 240 
Limbs of animals, natiire of, 183; 

of the protopterus, ib. ; of the 

sloth, 189, 192j of the batra- 

chians, (1^ 
Lion, skeleton of the, 198-204 ; its 

jaws and teeth, 203, 2M 
Lithophytes (Gr. lithos a stone, and 

phuion a plant), the food of the 

Scari, 241 
Lizards, osteology of, 91-95 ; dental 

system of, 2ii3 
Loggerhead, a species of turtle so 

called, 123 
Lophioid fishes (Gr. lophos a crest 

or mane, and eidos resemblance), 

&1 

Lophius (Gr. lophos a crest), den- 
tine of the, 242 ; plicidentine of 
the, 242 

Lumbar vertebne (Lat. lumbtis tlie " 

back), 100 
Luuare (Lat. one of the carpal 

bones), 21fi 
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M 

Macropus elcgans, or kangaroo (Gr. 

makros long, and pons a foot), 

skeleton of the, 205 
Magnum (Lat. magmu great), one 

of the carpal bones, 21fi 
Mammalia, bones of the, 14, 24 ; 

principal forms of the skeleton in 

the, IM ; dental system of the, 

258, 2fil 

Mammoths, tusks of, discovered in 
various parts of the world, 215 ; 
molars of the, 278, 213 

Man, limbs of, IM ; skeleton of, 
200 et seq. ; his varied powers of 
action, 213; skull of, 216; his 
adaptation to an erect posture, 
214 ; modifications of the skele- 
ton of, 215; the sole species of 
his genus, and the only repre- 
sentative of his order, 227; his 
teeth, deciduous and permanent, 

ai2 

Mandibular arch (Lat. mandihula 
the jaw) of the boa-constrictor, 
82 

Manubrium (Lat. a hilt) of the 

mole. UOia 
Marmoset monkeys, teeth of the, 

aofi 

Marsupial bones (Gr. marsupion a 
pouch), Ifi 

Mastodon giganteus (Gr. masfos an 
udder, and odous a tooth), tusks 
of the, 222 

Mastoid (Gr. masios and eidos nip- 
ple-shaped), IS 

Maxillary bone (Lat. maxilla the 
jaw), 48j 52; of the boa-con- 
strictor, 81 ; diverging append- 
ages of the, 212 

Megalichthys (Gr. met/m great, and 
ichlhus a fish), dentine of the, 241 

Megalosaurus (Gr. nugas great, and 
sauros a lizard), tooth of the, 251 

Megalonyx (Gr. megale gi*eat, and 
onyx a claw), an extinct race of 
quadrupeds, IBS 

Megatherium (Gr. mega great, an4 
therion a beast), an extinct race 
of quadrupeds, 188; teeth of the. 



222 ; deductions from the dental 
system of the, 22fi 
Menopome, vertebral skeleton of 
the, G5 

Mesocalcaneal process (Gr. mesoa 
middle, and Lat. calcaneum the 
heel), 142 

Mesenceplialic (Gr. mcjsos middle, 
en in, and kephaU the head), 12 

Mesocuneiform (Gr. meaos middle, 
and Lat. cunews a wedge), of the 
hind foot in animals, 185, 186 

Mesosternals (Gr. mwo* middle, and • 
aternon the breast-bone), 128 

Mesotympanic bone (Gr. 7nM08 and 
iympanon the middle drum), 45 

Metacarpal (Gr. meta with, and car- 
pos the wrist), 118 

Mctapophysis (Gr. meta between, 
and apophysis springing from), 28 

Molars of the elephant, 214 et seq. ; 
their succession, 281 ; their de- 
velopment, 284 ; of the hog, SLLQ 

Mole, skeleton and bones of the, 195 

Monkeys, teeth of, .S05 

Morse, skull and teeth of the, 266 

Mustela (Lat. the weasel), ddutition 
of the, aUfi 

Mycetes (Gr. mtikao to howl), den- 
tition of the, SM 

Mylodon (Gr. mule a grinder, and 
odous a tooth), an extinct race of 
quadrupeds, 18S 

Myliobates (Gr. myliao to grind, 
and batos a thorn), a genus of 
fishes belonging to the family 
llaidsB, 241 ; vasodentiue of the, 
242 

Myonine matter (Gr. myon a mus- 
cle) of animals, 13 

Myrmecophaga (Gr. myrmos an ant, 
and phago to eat), edentulous 
animals, 258 

Myxinoids {Gf. myxa mucus, and 
eidos resemblance), teeth of the, 
241 

N 

Narwhal, jaw-bones of the, 258 
Nasal vertebra, 48; spine of the, 
212 
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Natatorial birds (Lat nalatores 
swimmers), UiQ 

Neural arch (Gr. neuron a nerve) of 
the vertebrae, 2fi 

Neural arches of the skull — the en- 
cephalic, the mesencephalic, the 
prosencephalic, and the rhinen- 
ccphalic, &1 

Neural spine of parietal vertebra, 
called parietal bone, 12 ; of fishes, 
ib. 

Neurapophysis (Gr. neuron a nerve, 
and apophtjsis springing from), a 
neural process, 21 el seg. ssepe; 
of parietal vertebra, called ali- 
tphenoid^ 43 

Neurine matter of animals, 13 

Neuro-skeletoD, 16j 18 ; segmental 
composition of the, 2!^ 

Neuro-skelctal segments of verte- 
bras of the skull — the occipital, 
the parietal, the frontal, and the 
nasal, 51 

Notation of teeth, 31!^ 

Notochord (Gr. notos the back, and 
chorda cord), the embryonic dor- 
sal gelatinous chord, ^ 

0 

Occipital vertebra (Lat. occiput the 
back part of the head), of the 
cod-fish, 40 ; of the python, 77 

Odontoid process of the axis (Gr. 
odous a tooth, and eidon resem- 
blance), 9fi 

Olfactory capsule (Lat. olfacio to 
smell, and capsula a little cover- 
ing), 81 

Olfactory lobes, the, 42 

Operculum (Lat. a covering flap), 
bones of the, 4G ; consists of four 
bones, the preoperjular, the oper- 
cular, the subopcrcular, and the 
interopercular, ib. 

Ophidia (see Serpent Tribe). 

Opisthocoelian type of vertebne 
(Gr. upiathoa behind, and koiloa 
concave), ill 

Oj)tic foramina (Gr. optomai to see, 
and Lat. foramen an opening), SO 



Orbitosphenoid bones (Lat. orbis a 
circle, Gr. sphen a wedge, and 
eidos resemblance), 45^ 81) 

Ornithorhynchus (Gr. omithot a 
bird, and rhynchoit a beak), teeth, 
of the, 21i8 

Orycteropus (Gr. orykter a digger, 
and pous a foot), tooth of the, 2ii8 

Os coccygis (Lat. 09 a bone, andGr. 
kokkux a cuckoo), 21h 

Os spheno-occipital of the skull, 218 

Osseous system, primary classifica- 
tion of the, IG 

Ossicles (Lat. ossiculum a little 
bone), 12a 

Osteine (Gr. osteon a bone), the 
matter or tissue so callea, 12; 
arrangement of, 21 

Osteodentine (Gr. osteon a bone, and 
Lat. dens a tooth), 233 ; in vari- 
ous genera of fishes, 247 

Osteology (Gr. osteon and logos a 
discourse on bones), principles 
of, 13j general and special terms 
in, 221 (see Skeleton amo 
Bones). 

Otocrnne (Gr. ota the ears, and 

cr anion the skull), SI 
Ourang-outang, skeleton of the, 

21fl ; dentition of the, 302 
Ox, tarsal bones of the, \^ 



P 

Pachydermata (Gr. pachus thick, 
and dermata skins), dentition of 
the, 308 

Palatine boned or Palatines (Lat 

palatum the palate), 47 
Palato-pterygoid process (Lat. pa- 
latum the palate, and Gr. ptery- 

goidos wing-like), ICS 
Parapophyses (Gr. para transveree, 

and apophysis a process), 21 et 

seq. saepe. 
Parietal vertebra (Lat paries a 

wall), 44 
Paroccipitals (Gr. para from, and 
, Lat. occiput back of the head), 122 
Parrot-fishes, jaws and food of the, 

242 
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Patella (Lat. a little dish), IM ; of 

the sloth, m 
Pectoral fin of the cod-fish (Lat. 

pectus the breast), Al 
Pelvic arch of the crocodile, 110 
Pelvis of birds (Lat. pelvis a basin), 

14i 

Pentadactyle foot of birds (Gr. 

pente five, and daklylos a finger 

or toe), 148 
Perch, teeth of the, 211 
Percoids (Gr. perkos spotted, and 

eidos appearance), osteodcntine of 

the, 242 

Periosteum (Gr. peri and osteon 
aroand the bone), 22 

Perissodactyla or Perissodactyles 
(Gr. perissos an odd number, and 
daktylos a finger or toe), 169, 
111 ; the extinct and existing 
genera of, 111 ; dentition of the, 

mi 

Petrosal bone (Gr. petros a stone), 

Phalanx (Gr. a row of soldiers), 118 
Pike, skull and teeth of the, 240 
Pisiforme bone (Lat. pisum a pea, 

and forma form), 118; one of the 

carpal bones, 21& 
Pithecus Satyrus (Gr. pithex an 

ape), skeleton of the, 210^ 211 
Plasma (Gr. plasma assimilation), 

the colorless fluid of the blood, 13 
Plastron of the turtle, 12& 
Platax (Gr. platus wide), teeth of 

the, 242 

Platycoelian type of vertebrro (Gr. 

platus flat, and koilos concave), 28 
Pleurapophyses (Gr. pleuron a rib, 

and apophysis springing from), 

bones of the vertebra, 21 et seq. 

ssepe, 

Plicidentine (Lat. plico to knit to- 
gether, and dens a tooth), in vari- 
ous genera of fishes, 247 
Poison-fangs of snakes, 25G, 267 
Polypterua (Gr. polu and pteron 
many-finned), a fish of the Nile, 
12 

Porcupine, skull and teeth of the, 
267 

Porpoise, teeth of the, 2^ 

28 



Post-frontals of the skull (Lat. post 
behind, and frons the forehead), 
45, 80 

Postglenoid process of the horse 
(Lat. post behind, and Gr. fflcne 
the pupil of the eye), 1 60 

Prefrontals of the skull (Lat. prae 
before, and frons the forehead), 
4L8Q 

Premandibular bone (Lat. prsB be- 
fore, and mandibula the mandi- 
ble), 245 

Premaxillary (Lat, prae before, and 
maxilla the jaw), process of the, 82 

Premaxillary teeth, 245 

Premolars (Lat. pras before, and 
molo to grind) of the carnivora, 
264; of the hog, MD. 

Presphenoid bone ( Lat. prm before, 
and Gr. sphen and eidos wedge- 
like), 45j of the python's skull, 
12 

Pretympanic bone (Lat. pra: bcfoi*e, 
and Gr. tympanon a drum), 45 

Primariao, the primary quill-fea- 
thers of birds, 141 

Prionodon (Gr. prion a saw, and 
odous a tootli), dentine of the, 
242 

Pristis (Gr. a sawyer), vasodentinc 

of the, 242 
Processes of the skull, 5Q 
Procnemial ridge (Gr. pro before, 

and kneme the knee), 14fi 
Procoelian (Gr. pros before, and 

koilos concave) type of vertebrte. 

Prosencephalon (Gr. pros before, en 

in, and kephale the head), 22 
Proteus (Gr. proteus a marine deity), 

skeleton and limbs of the, 184 
Protopterus (Gr. protos the first, 

and pteryz a wing or fin), fi4 ; 

skeleton and limbs of the, 183 
Psaramodus (Gr. psammos sand, and 

odous a tooth), vasodentine of the, 

242 

Pscudopus (Gr. pseudos false, and 
pous a foot) of the lizard kind, 21 

Pterygoid process (Gr. pteryz and 
eidos wing-like), 48, 168 ; of the 
boa-constrictor, 8Q 
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Pubis (Lat. pubes the secret parts), 

m 

Pulp-cavitj of the teeth, 2^1 
Pycnodonts (Gr. pyknos thick, and 

odous a tooth), dentine of the, 

247 

Python (Greek name of a large 
serpent, from pytho to poison), 
osteology of the, lii ; skull of the. 



Quadricuspid (Lat. quatuor four, 
and cuspis a point) shape of the 
molars, 

Quadrumana (Lat. quatuor ioviTy and 
manus hands), limbs of the, 151 ; 
skeleton of the, 209, 2111; teeth 
of the. Sill ; of South America, 

304. aiis 

Quadrupeds (Lat. quatuor four, and 
pedes feet), herbivorous, skeleton 
of the, 171. 173 ; extinct genera 
of, 17L 182j odd- toed, 169; 
even-toed, 172, 180; extinct 
races of, 1S8 

Quill-feathers of birds, their diflfer- 
ent names, IdLii 



R 



Radius of the cod-fish (Lat radius 
the lesser arm-bone), ^ 

Raptorial birds (Lat. raptores sell- 
ers), 143 

Rasp teeth, 2i2 

Rattlesnake, vertebra of the, 85^ 
poison-fang of the, 2^ ; skull of 
the, 2M 

Reptilia, or Reptiles (Lat. reptilis 
creeping along), composition of 
their bones, 14; principal forms 
of the skeleton in, 04 et teq. ; 
dental system of, 2iil 

Rhinoceros, skeleton of the, 202, 
2im ; tarsal bones of the, 167^ Ifil 

Rhizodes (Gr. rhiza a root, and 
eidoa resemblance), dentine of 
the, 24Z 



Rhynchosaurus (Gr. rhyncus a 

snout, and aaurua a lizard), jaws 

of the, 2M 
Rodent mammalia (Lat. rodo to 

gnaw), teeth of the, 261 
Ruminants (Lat. rumino to chew 

the cud), skeleton of, IfiH ; teeth 

of, 2iia 



S 



Sacral vertebrae (Lat. aacerr sacred), 
100 

Saurians (Gr. aaura a lizard), skele- 
ton of the, 93, 94j armed with 
tusks, 2M 

Scaphoides (Gr. tkaphe a skiff, and 
eidos resemblance), 133 ; of the 
hind foot in animals, 185; one of 
the carpal bones, 21ii 

Scapula (Lat. scapula the shoulder- 
blade), 91 

Scapular arch (Lat. see a/t/c), 411; 
of the crocodile, HI 

Scapulariss (Lat. scapula)^ the sca- 
pulary feathers of birds, 144 

Scapulo-coracoid arch (Lat. scapula 
the blade-bone, and Gr. korax and 
eidos crow-like), 116, 117 

Scari (Gr. skaroi parrot-fishes), den- 
tine of the, 242 ; jaws and food 
of the, 241 

Scieenoids (Gr. skia a shadow, and 
eidos resemblance), osteodentine 
of the, 241 

Sclerotal bones (Gr. skleros hard), 
48 

Sclero-skeleton (Gr. skleros hard, 
and skeleton) y 1& 

Sclerotic capsule of the eye (Gr. 
skleros hard, and Lat. capsula a 
little cover), iil 

Scomberoids (Gr. skombros a marine 
fish, and eidos resemblance), teeth 
of the, 242 

Sea-perch, skeleton of the, 38^ S2 ; 
fin-formula of the, (ifi 

Seal, skeleton of the, 158 ; denti- 
tion of the, 229 

SecundarioD, the secondary quill- 
feathers of birds, 144 
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Senses of anlmnls, nerves of Ibe, 
30, aL 

Serpents (Lat. serj}cns creeping), 
osteology of, et seq. ; skeleton 
of the cobra, Li; structure of the 
skull of, 70; the python, i6. ; 
poisonous, skull of, hi 

Sharks, their Adaptation to aquatic 
life, 02; teeth of, 248; osteo- 
dcntinc of, 247 

Sheat-fish, teeth of the, 2A2 

Sheep's-head fish, teeth of the, 2i3 

Sight, organ of, 31 

SKELETON (Gr. skchtos a dried 
body), on the principal forms of 
the, L3 ft seq. ; composition and 
classification of the bones consti- 
tuting the, 14, I5j the dermo 
and neuro skeletons, 16, 17 ; 
growth of bones, 21, 22, 23; 
structure of bones in different 
classes, 24 ; its segmental compo- 
sition, 2fi ; vertebne of the, 28^ 
38; archetype of the, 29^ 30 ; of 
the fish, 31 et xeq. ; general and 
special namea of the bones of the, 
40, 50; principal forms of the, in 
the class Ueptilia, 6i; of the 
frog, fiS ft seq. ; the serpent tribe, 
7h; the lizard, Ql ; the crocodile, 
US et seq. : of Chelonian Reptiles, 
122 ; of birds, 134 ; of the class 
Mammalia, 151 ; of the Cetacea, 
1 58 ; of the seal and walrus, 158, 
159 ; of hoofed quadrupeds, 162; 
the horse, 1 03 ; the rhinoceros, 
167 ; the giraffe, 170; of herbi- 
vorous quadrupeds, 112; the ca- 
mel, 174; the hippopotamus, 178; 
the hog tribe, 1811 ; even-toed 
hoofed beasts, ib. ; nature of limbs, 
183; of the protopterus, ib.; limbs 
of the amphiuma, the proteus, the 
horse, the ox, the rhinoceros, the 
hippopotamus, the elephant, 184, 
185; of the feet, 1 85 ; of the sloth, 
188; of the ant-eater, 193; of the 
mole, 104j of the bat, 199; of the 
carnivorous mammalia, 21M}; of 
the lion, 2111 ; of the kangaroo, 
m£L5; of the quadrumana, 20ii; 



of the ape tribe, and of man, 21 1 ; 
terms in osteology, 221 ; facial 
angle, 222 ; progressive expansion 
of the cranium, 222, 228j Aus- 
tralian and European skulls, 224; 
retrospect of tho various forms of 
the, 225 

Skull, the four upper or anterior 
segments of the osseous system, 
30; various segments of, in fishes, 
4Q et sfq. ; structure of, in ser- 
pents, 26; of the python, IS; ot 
the boa-constrictor, &1 ; of poi- 
sonous serpents, 84j of the lizard, 
22 ; of the crocodile, 103 et sfq. ; 
of the sloth, 1^ ; modifications 
in the skull of man, 210 
Skulls of different animals, 222, 
223 ; of an Australian and a Eu- 
ropean, 224; 
Sloth, skeleton of the, 188 ; extinct 
races of the, 188; its habits and 
aptitudes, 188, 189 ; limbs and 
skull of the, 192j dentition of 
the, liiS 
Smell, sense of organ of, 31 
Snakes, poisonous, teeth of the, 257 
Sparoids (Gr. sparos a sea-fish, and 
eidos resemblance), dentine of the, 
247 

Sphyroena (Gr. the hammer-fish), 
teeth of the, 244 ; dentine of 
the, 2il ; formidable dentition of 
the, 247 

Spider-monkey, dentition of the, 30.5 
Splanchno-ske'eton (Gr. itplanchna 
the bowels), 16j its various part^ 
— the petrosal, the sclerotal, the 
turbinai, the branchial, and the 
dental, 51 
Splint-bone, one of the carpal bones, 
180 

SpurioB (Lat. tpurius illegitimate), 

the bastard feathers of birds, 144 
Sting- ray, jaws and teeth of the, 247 
Sturgeon, skeleton of the, 15^ 16, 

U ; its habits, 18 
Suborbital bones (Lat. sub and or- 

bita under the orbit), 42 
Supcrorbital bones (Lat. super and 

orbita above the orbit) of fishes, 
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Superteinpoi*al boncF ( Lfit. giiper and 

tempora above the temples), 49 
Suprascapular of the crocodile 

( Lat. supra above, and scapula 

the shoulder-blade), 1 15 
Swan, skeleton of the, 137. 138 ; 

calcaneal prominence of the, 146 
Sword-fishes, premaxillaries of the, 

Symbols of teeth, aiS 
Symphysis (Gr. sun and physis 
growing together), 131 

T 

Tadpole, metamorphoses of the, 68, 

Tarsal bones (Gr. tarsos the palm of 
the hand or foot), of Uitferent 
mammalia, 185, 187 

Tarso-metatarse (Gr. iarsos the 
palm of the hand, and meta over), 
14() ; modifications of the, 14t> 

Taste, organ of, 31 

Tectrices (Lat tectum a covering), 
the wing coverts of birds, 144 

TEETH, on the principal forms and 
structures of the, 2211 et scq. ; in- 
timately related to the food and 
habits of the animal, ib. ; vascu- 
lar canals of the, 2iil ; dental 
tissues and pulp-cavities, 2M ; 
chemical and structural composi- 
tion of, 2M; cement and enamel 
of the, ib. ; complex and com- 
pound teeth, 235; dental system 
of fishes, 24Q et seg. ; shedding 
and renewal of, in fishes, 250 ; of 
reptiles, 250. 2M et seq. ; of croco- 
diles and poisonous snakes, 257 ; 
of mammalia, 258; form, fixatimi, 
and structure of, in the mamma- 
lia, 259-2G1 et seg. ; of the carni- 
vora, 2t24 ; of the morse and the 
porcupine, 26<>. 207 : of the 
horse, 211 ; of the elephant, 272- 
21>0 : their succession, develop- 
ment, &c., 28L 2M ; of the me- 
gatherium, 202; of the anoplo- 1 
thcrium, 2111; of tho ruminants, 



2118; of the seal tribe, 21111; of 
the quadrumana, Ml ; of the 
orang and chimpanzee, 305 ; of 
monkeys and lemurs, 300, 307 ; 
homologies of, 308^ ai2 ; of the 
hog. 310 ; notation and symbols 
of, 3M 

Tentorium (Lat. a tent), Ifi 

Tibia (Lat. the shin-bone) of the 

crocodile, 120j of the sloth, 1112 
Toes, of birds, IM 
Tooth, human, magnified section of 

the, 223 

Tooth-pulp, the primary basis of 
the tooth, 221 

Tortoise, osteology of the, 122 et 
seg. ; skeleton of the, 123 ; cara- 
pace and plastron of the, 124. 
120; vertebrsB of the, 129; skull 
of the, 131j limbs of the, 

Trapezium (Gr. trapezion a fbur- 
sided geometrical figure), one of 
the carpal bones, 21ii 

Trapezoides (Gr. trapezion [ut ante"] 
and eidos resemblance), one of 
the carpal bones, 21ii 

Trochanter (Gr. trochao to turn), of 
the crocodile, 120 

Trochlea, tibial (Gr. trochos a 
wheel), 145 

Troglodytes (Gr. trogh a cavern, 
and duno to dwell in), facial an- 
gle of the genus, 221 

Turbinal bones, or Turbinals (Lat. 
turbo a top), 48 ; of the skull, 80 

Turtle, osteology of the, 122 ; cara- 
pace of the, 124; plastron of the, 
12ti 

Tusks of the elephant and the mam- 
moth, 274, 278 

Tympanic bone (Gr. tympanon a 
drum), 46, 52; of the boa-con- 
strictor, 82 



U 

Ulna of the cod-fish (Lat. ulna the 

elbow). 4L 42 
Unciforme (Lat. uncus a hook, and 

forma shape), one of the carpal 

bones, 210 
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Unguiculator (Lftt. unffuis a claw), 

limbs of the, 151 
Unguinal phalanges (Lat. vnguh a 

claw, and Gr. phalanx a row of 

soldiers), 110 | 
Ungulata ( Lat. ungula a hoof), limbs 

of the, 151 
Urohyal (Gr. ouron urine), 53 

V 

Varanus, osteology of the, 01_j 93 ; 
dentition of the, 2^1 

Vascular canals of teeth, 231 

Vasodentiao (Lat. vasum a vessel, 
and dms a tooth), 233 ; in various 
genera of fishes, 2il 

Vertebra (Lat. verto to turn, or 
vertebra a turning joint), a gene- 
ral term for the vertebral seg- 
ments of the skeletx)n, 221; the 
parietal and thoracic, 2^ auto- 
genous and exogenous parts of 
the, 27j 28 ; frontal segment, 45i 
parietal, 14 

Vertebra) of the neuroskeleton, 26; 
various modifications of the, 2S; 
development of the, 33 ; the cau- 
dal, modifications of the, 115; of : 
tlie ophidian reptiles, 84, 80; 
of the lizard, ill; of the croco- 
dile, Qii et seq. ; various types of, 
SI et seq. ; lumbar hnd sacral, of j 
the crocodilia, 100 ; caudal, 102; ' 
of the tortoise, 12S ; of the swan, | 
139 ; formula of the, in herbivo- ! 
rous quadrupeds, 176; of the i 



bat, 108j of the lion, 201^ 202? 
of the kangaroo, 2111 
Vertebrata (Lat. vertebra a turning 
joint), the highest division of tho 
I animal kingdom, 14j the four 
classes of, 14, lii; composition 
of their bones, ib. 
Vcrtebrated animals, their success- 
ive transmutations, 22G 
Vcspcrtilio murinus (Lat. the com- 
mon bat), skeleton of the, 199 
Villiform teeth, 241 
Vomer (Lat. a ploughshare), 47, 8Q 

W 

Walrus, skeleton of the, 
Water-rats of Australia, dentition 

of the, 2M 
Whale, its skeleton, 1^ ; its teeth. 

Wing of the duck tribe, 143 
Wolf-fish, teeth of the, 245, 24G 
Wrasse, teeth of the, 243 



X 

Xiphisternum (Or. xiphos a sword, 
and siernon the breast bone), 128 

Z 

Zygantium, 8Q 

Zygapophysis (Gr. zujos junction, 
and apophysis springing from), 21 



THE END 
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or ar^ wHh ahoat 600 vood-engFaTliiga. 



LEiniANN (Q. C.)— PnysiOLooiCAt Chrxistrt. Translated from the second edition hy Oeorgi 
R. Day, M. D. Kdited l>y H. K. Rofrers, M.D. With illustracionM Sflecteil from Funke'0 
' Atlas of Physiological Chemistry, and an Appendix of Plates. Complete in two handsome 
octavo volnmes, extra doth, containing 1200 pages. With nearly 2U0 illustrations. (JuH 
Attud,) 

LEHMANN (O. C)->MA?nTAL or CHBMiOAt FanmoiMr. Traaalafcad from the Qermaii, wilh 
Notes and Additions, by J. 0. Morris, M. D. WfUi an itttrodoelory Essaj on Tltal Foroa^ 
by Samuel Jnrkson, M.D. In one hami-ome octavo volume^ aztn olotb, of 880 pagei. 

• Witii numerous illustrations. {How Heady.) 



cm (KOmtT), V.tl.^^CumeAi MmwiFntr; comprfidnK the BMoirlea of Tlvo Bnndred and 

Forty-five Cnf"^ of DifTinuU. Preternntural, and Complionfpfl Labor, with Commentaries, 
From the second Loudou editiou. In one royal 12mo. volume, extra doth, of 238 pages. 



LABOCHE (R.),M.D..~PfnEDMOiaA; its Supposed Connection, Pathological and Etiolofcioal. 
with Antumnal Severs, fnolnding an Inquiry into the Ezlstenea and MdrUd Iganqr of 
Malaria. In ono handsomo ootnTo volume^ aactw doth, of ftOO pafi» 



LA ROCm? (R.), M.D.— Yaiovr Fevrr, eanddand in its TTi^torical, Patholopieal, EHoloplral, 
.and Therapeutical Kelations. Inoldding a Sketch of the Disease as it has nrr^nrred in 
Philadelphia from 1609 to 1854, with an Examination of the OonneotionB 1>otwecn it and 
the Fevers known iinder the same nnmo in otberParts of Temperate, as well as in Tropical 
RegtoniL^^In two large and handsome octavo volumes, of nearly 1500 pages, extra doth«. 

LAWRBNCE (W.), F. R. S.— A TtaATisi oiv DniAma OF tm Err. A now odltfam, edited, with 
nnmeroas Additions, and 243 iUastratioas, hy Isaao Hays, If.IX. Surgeon to WtlllP HoO- 

Eitai, otc. In one Tory lar^re and ban^oBO oetBVp folnmo of MO pa0M^ ^tiongly bound 
1 leather, with raised bauds. 
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LA LLEM AND (M.)ir- Tbb Caqbes, BYfiPToaui, a»d Tekatmrxt or Spiuuuto&busa. TrantUtod 
and edited \)J UOBtJ J. UcOoilgaL I& OM TOlailM^ OCtftTO^ Of 2O0 VVgeS. 06OOIld AlB*^ 
rican wlitkMi. 



lA^lQBB (DTONTSIUS), D.C.L.— H&mnoois or NiTtKAt Prieok>pht Ain> A w ' KoauW. 

Bsviaed, with numorouB Adilitiotwi, Ly the Amerinin •nlitor. F1B8T Colrse, containing 
HaeiiailicA, IlydroRtatim, Hydraulics. I^eumatics, Sound, and Optics. In ouo largo royal 
Umou volume, of 75U pages, witli 424 woo«l-cut8. Second Couk^ containing Ileat. Eleo- 
tridljt llagmetism, and Qalvaniam, one Toiume, large royal 12mo., of 450 pages, with 260 
iUoaUwUena. Third Codrsb (runo readif), eoBlalDiDg Meteorologj nd i uta cm mf ,fik «m% 
large Tnlnmo. royal 12mo., of nearly 800 with 37 platea and 200 wood-cuta. The 

whole oouipleU) iu three volume^ of about 2000 largo pages, witb over 1000 figureB o& ateel 
sod wood* 



IISIG8 (CS ARLES DO, M. D.— Woxak : bze JnoASU Aip TBitni Riotmw. A Seriea of Lao> 
' tam to Ut Clan. tUxtt iad impvc»T«d MMon. la mu» largo pad iNiwttfuU j-pxioM 
oeteroTOliuM. 



JSEIOS (CHARLES "D ), >r. T>. — Opstetrtcs : the Scifnci ath) thb Abt. Scconl edition, 
MTiaed and improTed. WiUh 131 iUttciraUoni. In one beauUfblliy-printed octavo TOluma^ 
sf TMlaisapiCM* 



WfelOS (CHARLES B.), M. B.— A Tteum oir Aovra jan» Onwne DmUM or tn Hme ot 

THR Ut£RU8. M'ilh nxiin«>roun platos, drawn and colored IkOIA natWi^ ta tlM blf^bcit itjlt 
of art. In one handsome octavo volume, extra doth. 



ICBIGS (CHARLR8 DX U. Sy— Omi^tahoiu om Qmum or tbm DwAnt o» Tooaa Cmsummu 
la AM lundioni ooUto volaa^ «f 814 poget. 



mOB (OR AKtVll D.), Bf.D.— Oir m Vatcbs, Snm, aid TkMnmiT or CmtDBiD Vimt 

fn a Serieo of T.otter» nddro^t^rd to the Stodvitl Of hlS GUUM. Itt Oao hinrtiome OOtWO 
volume, extra cloth, of 365 pages. 



IHLLER (JAMES), F. R. 8. E.— pRmciPUS OT ftntonr. Voorlh Amerlean* ft«^ Che fhlrd and 
xeviiied JBdintao^h edition. In oii# laige and beaotifiilToiiuae of 900 ftfth with 240 
oai^piMlo'flhal to a t faM <« wood. 



MILLER (JAMEP), F. R. S. R— The PRAmrE ov Pctoekt. Third American, from tho per^nd 
Jidinburgb edition. Edited, with AdditioiM, by X. W. Sargent, M.D., one of the Surgeona 
to WUUr Uoopitni, eti^ lUaitrated .1^ 810 oagnTiagi on vood. Xa oaa lam» qoImo 

' tolame of over 700 pogiM. 



IfALQAIGNE (J. F.).— Opnunn Smmi, haead 00 Konnal aad Pathological Anatomy. 
Tkaaiiatad mm. mb French, by Jhaderkk Brittaa, A. Bi, M.II1 With aomeroiu iiiustnk- 
1taw««woad< iamlMBiaMaoMlavDfoiaiBibOf aaontf OOOyilc^ 



MOHR (FRANCIS), Pn. D., ANT) REDWOOD (THEOPITTLTTS).— PiiArnr^t Fharmact. Corn- 
priding the Arrangement*, Apparatua, and Manipulationa of the Pharmaceutical Shop 
and Laboratory. Edit«a,-vilb aWilin Additlona, by Prot WUlfam Procter, of the M 
ladelphia College of Pharmacy. la otti kondio— iy«ydatod oolaifo Tolaai^ of 070 pofH^ 
with over (tOO engravings on wood. 



IIACLTSE (./OBBMI).— P'JROicAL AxATOKT. Forming one volume, very large imperial qttariOi 
With fiixtv.dght laige and splendid Plates, drawn in the beat s^le. Mad beantlftilly 
eolorcd. Containing 100 FIgiirea, many of them the aise of life. Together with eoplona 
aad explanatory k;^*r>pve8S. Strongly and handsomely bound In ektra dotli^'Miif «m 
of tha cheapest aad best executed Surgical works as yet fawned in this oonntoj. 

a«lM Hn to iM* ly Mtf^ ia flfo 9tttt% ioM «9 fa ilaat ootcok 
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HAYNE (JOTTN), M. D. — A PisrrNsixnp.T AXD Thrrapkuticai. REMEMrmANCER. Comprising 
the entire iists of Materia Mcdica, with eTery Practical Formula oontBloed in the three 
Brittsh Phamaoopoaiat. In one ISmo. Tidume, extz* elotli, of over 800 large page*. 



MACKENZIE (W.). M. D.— A l^nArrirAL Treatise ov Diseases ajtd Injuriss of Tire Ktr. To 
which is prefixed an AnaUnnit*;il Introduction, by T. Wharton JoneM. From the fourlh 
Teviaed and enlarged London edition. AVith Notc8 and Additions by Addinell Uewson, 
M.Dl. In one very large and handsome octavo Tolume, vtlll munaOOl wooAoatB 



VEJLh (JOHN), M. D., AND FRANCIS GURNET SMITH, M. D — Ax AnaITTICAI OoMPETOnjM 
or TOB TAUOcs fiRAXtc^u OF MEDICAL t::ci£MCE; for the Use and J£xaminatk>n of Students, 
f Seeond edition, rerfsed and improved. In one very large baadioindy printed royal 
]-2nio volnme of orer 1000 p«ie% with 860 iUoatttttou OH irood. Btronjpy booiMi In 

leather, with raised bands. ^ 



VSILL (JOHN), H.D.— OcxuiTra op thb Aktibxu. 1 Tol. Stow, handsome eolofed pktM. 
Oim;mt8 or the NcnyBS. 1 vol. 8to., with handsom* platea. Oonom or xbb Tjbpu An 

Lymphatic?, 1 vol. 8to., handsome colored plates. 
AIbo, the three works done up in one lumdtiomu volnme, half bound. 



JUeUClAN <J. MOOiUE^ M.D.— Arus or Cutaneous Diseases. In on« hivntUkil qnario 
Tdnm^ ektra doth, with splendid oolored plates, presenting nearly ona Tioinliid eUionte 



«KUGAN (J. MOORE), M. D.— A fftMOBttTkusai « Souai w SB Boir. «m mrt 



OWEM (PKOF.' 'BJy-Ost m JJOMUt Toian or m One royal ISbw. Tolamo, 

with nnawrooi iUnatntioni. 



f ANCOAST (J,X ir.B.'S-Oniunyi Sumbrt; or, A Description and DsfflOnstratlon of the 

various Proc«'8fiea of the Art; iiirlu lin;^ all the New Operations, and exhibiting the state 
of Snrgical Science in it'; pre.M>nt advanced condition. Complete in one royal 4ta volume 
of 380 pages of lettcn'resn de.scriptlOQ M d^fhlgr iKtf 4tO» plall% «»lpridl^( 4M UlOSi 

tetttlou. 8«aoiid oditlon, iin|i«rr«L 

PARKER (LAireSTON).— Tns 3Ioi>ekn Treatment or STPmuno Diseases, both Pumart mo 
Becoiidart; eomprising the Treatment of Constitutional and Confirmed Syphilis, by a safe 
and soooessAil method. With nnoMrtaS Gsfees, VonnnlsB, and ClinitnJ Observations. 

, From, the U^rdJutd-entirsIyrMnetttcnlK'naon editioik InooAaMtostoTOTOkuM. 



EfcHETRA (JONATUAN), M. D.— The Elements of Materia Medica aito THERAramoi; TWrd 
American edition, enlu^ed and improved by the author; including Notices of moRt of tho 
Medical Substanoes in use in the dvlllzed world, and fbrming an Encyclopaedia of Materia 
Medica. Edited, with Additions, by Joseph Carson, M. D., Professor of Materia Medicn and 
I'harmacy in the Uuiver&ity of Pennsylvania. In twp very large octavo Toluffles of 2100 
pages, on Hnall fypc^ with Of «r 4W lUustrmtlona. (Ifow Cbm^pkk^ . . 



PARRI8H (EDWARD).— Aw TirntODUOnoir to Practical Pharmact. Denlgned ss a TexUxiok 
far the Student, and as a Guide for the Physician and IMiHrmaceutist. With many For* 
mnlss and Pnworiptions. In one handsome octavo volume, extra elotb, of pages, 
with 213 iUostmtioM. (JVov Aad|r.) ' • 



PEA8ELEE (E. R.), M. D.— IIumax nisToixxiT, in its Applications to Physiology and Qeneral 
Pathology, de.<dgne(l ah a Text-book for MiMiical Studenlik lA'lth SUMNNia IflnstfatlOns. 
In one handsome royal 12mo. volume. (IVgninng.) 

t - - 1 

PIUKTE fWTLTJAl^f). F. R. S.E.— TnE PnTNciptEg and Practice or StrROERT. Edited by John 
Noill, M.D.. Demonstrator of Anatomy in the University of Pennsylvania, Surgeon to the 
I Vn nsvi vanla EMuHUi, ota Ib Ofw wj hudiomo oetavo ToliinM of T80 pigm^ with 
illustrations. 



RAMSBOTTTAM (FRANCIS 11.), M. D.—The Princtples Ain> Practice op Oit-'TrmTO ^rrricm 
AVD Srniir.RY, in reference to the Process of Parturition. A new and enlur^ied ediUon, 
tlioronirhly revised liy the autlior. "With Ail iitinns by W. V. Keatinf;. M. D. In one la'sfO 
and handxonie imperial octavo volnme of ti6o pa^reH, strongly bound in leather, with raised 
hands. With Mxtj-lbur beautiful plateis, and numerous woQdMte latlM tin ISBlilBlaC 
iBiaiBMi^200iugeMdban4tifiafiguni> iJuUJumi^ 
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*S1I0SBB(P.)? M.D.— lLLti3TKATiONy OP Stphiuti.: Di^k^sk. Triuislatcil from the French, 1w 
■ThoniM F. Bettoo, M. D. With tb« aiidition of a liiHtory^of (Syphilis, and a complete BlbU 
oprrsphy and Vormnlary of B— iJlen, colUted and arranged hj Paul B. Goddard, M.Du 
With fifty large quarto platai, oompfiaiag 117 bwatifuUj oolomd iUoatnttoiu. la out 
large and haiMtoome <[n«to Tolnn. 



WCORD (P.). M.D.— A XRSAMni THK Tknkreal Bisf.ask. Bj John Hunter, F. R. S. "VfUh 
Qopioiu AddiUoDS, Iqr Ph* Bkoid, M.D. £dit«d, iiiUt Uotit, Himm^ <I* a-- 
ILll. In one hanilwo oetofo Tftlamis with platiii. 



BICORD (P.). M. D — LKTTrJia os Syphujs. adJres?oil to the Chief Editor of the Union M^di- 
cale. With an luiroductipp, hj ,4x0^9 Latour. '^irauali^ed bf W. £. Lattinutre, li.I>. 
' In «iM BMt ootnoTolaiiM. 



IlOKTTAX?KY (CARLV— A ^TAXrAL op PATnoixxiirAi, ArrATOlfT. TranfTatc<J from the Qe^ 
man by W. K. i:jwuine, ilUward iSieveking, M.D., C. II. Moore, and Geortfe i;^. Day, iLlh 



BIGBY (EDWARD), M.D.— A Rnetm «r Utammut^ With Notei a&d Addittonal IUnstr»> 
tioM. 8«eond Ajneckan wUlion. OtttfolvBtOBlaTo, 422pagei. 



|U)rLS;(l'«9(^BES), M.D^Hatbiu Mksica and THnu»EtmGS ; incIadlDg the Pr«paratiiMi 
of the Pharmacopceiaa of London, Edinburgh, Dublin, and of the United States. WMh 
many new Medicineii. Edited by Joeeph Cuwon, M.D., Profesaor of Materia MedSea and 
Pharmacy in the University of PennqrlT«l|m Xiih .vUM^'tiAl -lUmWitfOaii laoof 
large ooCaro r<Attine of about 700 pagaii 



cC Mir tfO pi«Hb «lflt«lioii»»)0 iNod^ttii. 



SnARPET (WILLIAM), M.D, JONES QUAIN, M.D^ AND BICRARD QUAIN, F. R. 8., eto.^ 
HOMAN AMAtovr. BeviMdyVlth Notes and Additiona, Joseph Lel4y, M.D. Complete 
in two largo octaTo,To)ymf^o(.«bn»lldOO pifiib Bwwrt i ftiM r ffl ml iiltA mjth gwr 600 
engrarings on wood. 



SMITH (HENRY ir.\ M.D^ AND WILLIAM E. HORNER, M.D.— AW AirAWniCAt Amt 
Mi wtraUre ^[^t ha^md e^ja^tiM Hwua Bod^. Jb om Toiiimia^ iffW^t^ QOten^ 



SMTTIT (TIENRY H.), M.D.— MurOR Suimbbt; or. Hints on the Every dny Duties of the 
Bui^te Mft. ^ Wi Ul ^^illuatratlona. Third and enlaised edition. In one iiandaome rojal 



8AR0ENT (F. W.), M.D.— On BA!n>Aan70 A!tt> othfr OPFRATiorrs op MntOR SmaKRT. Second 
edition, eulacged. In one handeome zoyal 12mo. volume ol nsatlj 4u0 pages, with 182 
ffluamtloiub (MJtoiMl.) 

a 

paring^ 



SIMON (JOHN), F. R. S — Oexeral Patholoot, as oondnclre to the Establishment of Rattonal 
Principles for the Prevention and Core of DiaetM. A Qcmrae of Lectures delivered aft St, 
Tbamuf* Hd^^ daring tha'Saanaer Bum/ian ct 1860. to one neat oeUvo toIubm. 



SMITH (W. TYLER), M. D.— On Parturition, and n JttMDUl An Iliflnai «V O MIli— . 
In one large duodecimo Tolu«ie of 400 pages. 



tNnu nr.vnMa,),V,mfJtaM Vnammn «im Tuumt or Lwupmwm. With B«aw> 
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(SAMUEL), P.R.& — Thk Human Braik; Its Structure, Phvsiolofrr, and DlsoABeg. 
Tnih a pMcri^Uon of the Tyijicd Votma of the Brain ii> the AoimiJ Ivingdom. From tb« 
'Bfiifibttd aiUl modi euIaiKea London edition. In on* ootavo Tolunu^ with 120 '—^ 




ine'nta; from the second Enj;lisli edition. Translated fron* the pixth (ierman editiou^by 
Henry Medlock, F.C.S., Ac Jn one thick volume, small octavo, of about 700 paireA. with 
619 ijiuatrat«0ii»4» wMd. . taltehto tnr «Im Ui^ foliolBi'ai^ fiMw itiid«Sr(iv£S ' 

TAYLOR ( ALFRISD 8.), M. F. R. 8.— MmcAi Jmtnmtrranei. fmtVh Am«rtam, from tli* 
fifth and imprOTed RngUah edition. With Notes and Kcference« to Ameriran Decisions, 
^ HM^-.! Mi^.t......^ M.'I1.' In one large ootavo Tolomo of 700 pages. (Now Meady.) 



T AYrX)R ( ALFRED S.), M. D.— ON POISONB, nr EBLAnON TO MsDIOAL JOBIBPBTOENCl AND MiDI- 

( INK. Failed, vrith Notai tad A<MttiOM> &. & CbfattL-lLD. b cm i^* tt «ol»?o 

volume of 688 pases. , 



TANNER (T. H.). M. D.— A Manual op Oi.i^ncAi, Mewcinb and Phtqcal DuoNOSIS. lb wUdl 
i8 addfd. The Code of Kthics of the AmericHD ITi iHml <tiiHilfelWU_ • In. MM HMt VOhUBCb 
■m^ 12ino., extra doth, or flexiUe. (Jtut i«nMd,} 



TOMIS (JOHN), F Jt.8.— A Maxval or Dental FAAmci. IUiist»ted \xr nmawm nmduM 



Tdm (K. K\ M.D., AST) WILLIAM BOWMAN. F.R.S.— Phtsiolooical Anatomt and Phtm- 
©LOOT OP Max. With numerous handsome wrxHl-cuts. Piirt* I., tT-^ TTT- . fa i 
Tdome, 652 pages. Fart IV. will complete the work. 



fS^^^S^^&i^x?'* Z*!-!*™* W »HH PRmCIPUW AND PRACTICE OP PnTBIC. 

Tniwr Amenean, nom uie last Lmidim edition. Revised, with Additions, by D. Francis 
Condie, M.D., author of a '^Tnutiam on the Diseases of Children." &9, In om oeltfO 
volume, of nearly 1100 large strongly bound, with raiaed bands. 

WALSHE (W. H.), M. D.— Diseases of ths Hkart, Lunos, and Appexdacesj ibOx SrmpfaMi 
VBATnataOMuk In ero handsonw Tolnine^ Im^y im iinaaio., 612 p&goa, 

^■*Tx.*?.?""!^ T* '552!l^2?^!^P5!i*"' M«»ioai Casm. PuWiahM under the 
authority of the London BocMr ftr UMIeRl ObseiMiloa. Ja. om vtiT tmnhftift tolama! 

royal 12mo., extra doth. ' 



WTLDR (W, R.).— Attral SintnFP-T, atd rrr^ NATtT« AHD'TklA^BRT CST DttBAfla OV sn XUL 
In one handsome octavo volumei, with iilustratiou. 



WUIVBIISAD (yAWBSf, 9^1t0.&, ftc^Titt Caors Am TtnA^MiMt <v Awnmoir and 9n> 

RILITT; V-einr the Kesnlt of nn Extended Prnetical Inquiry into the PhyHiolofrical and 
Morbid Condi Uuns of the Uterus. Second American £dition. In one Tolumei, octavo^ 808 



WSST^HAaLBS), U.D.-^LicmBiS oir tin THauwn op ImMct and CmtDnooD. Beoond 



I» one toiumei, ootavo, of nearly 
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WEST (CITARLES), M.T).— A!s^ TvQrrRT ttto thb PATHOtoaicAt Ikportaitcb of Ulcteratiox of 
XHB 06 Uteri. Beiog Uie Crooniaa Lectures fi>r Uie jear 1854. In one neat octavo toIuiml 



WEST (CITARLESX H.D.— LEcrcB» OK TBI D18XA8S8 OF Woxxir. In twO Partf. Part Jl 
IMscapeH of tbe UlMw: flirt Mieaiet ni lh» Onodci, •te, tiio Bbdtfsr, Vagina, aal 
Kxtarnal Organa. 

V PnUkUag in tte «lIfeHoa, Vxwb *m Lnaafti** te 1866 and 1857. 



WILSON (ERASMUS), M.D., P.R.8.— A Ststkic OF HwAH Awatomt, General and Ppecial. 
Fourth American, from tbe last English edition. Edited by Paul B. GkMklard, A.M., lf.D. 
With S60 lUoatcmtloiia. BaMtlfully printed, in one laiya ootnro Tolaau^ of naar^ 800 



WTTiSON (RKASKtJS), M.D., F.R.8^— Tn Dismctor's MAmiAi.; Practical and 8ur<ric«l Ana- 
tomy. Third AniericAn, from tho last revi.^i'J and t-nlarK'- d Kn^di^h (nlition. Modified aud 
rearranged by William Hunt, M.D. in oae largo and handsome rojai 12IBO. TOlumai 
]MtlMr,or68SpageB»witiil64illiutnitioiia. (JVbw iKfodly.) 

WILSON (ERASMUS), M.D., F.R. 8.— On Ducases of tbk Skut. Third American, taom th« 
tUslLoiidoiieditloB. la ooa bmI octeTO tcIium^ of ■bimt 800 pagni^ tttn cio^ 



WILSON (ERASMUS), M.D., F.B.S.— Oir Ck) WH T iTU T i owAt Ain» HnnoTART Stphius, and oir 
Btfhiuho Eruptioxs. In one small oetaro Foltun^ beanttftally printed* with inar tat^ 
du oolomd plates, presenting nuoe than thirtf vanatiM of Sj^bilitle JBrnptioaai 



WILSON (ERASMUS), M. P., F. R. S.— Healthy Sktv; a Treatife on the Manaprement of tba 
Skin and ]l;iir in lUdation to Hcallli. J^ccond American, from tho fourth and improved 
London edition. In one handsome royal 12mo. Tolume, extra clotb, with numerous illua* 
tratkoi. OoplMmajaIio1iohadinpi|m90Ter%iftvnaiUii8»iadM78>oontt» (^9im Mead^,) 



WILLIAMS (C. J. B.), M.D., F.R.S.— PRixnPLKS of MrniCTXT.; romprisinp Oencrnl Pafholoffy 
and TheraiiL'Ulics. and a brief Koncral view of Etiology, Nosology, -Seineiolojiy. Dia^^no^ia, 
Prognosis, and Hygienics. Kdited, with Additions, by Meredith Clymt;r, M.D. Fourth 
JkmtHBOftnmthnmlktaAti^^ u one octavo TQliim% of 478 p«tMU 



Wn«IiIAM8 fO. J. B.),' Bf.B., A PxAcncAi Triatkb ow 1>nFAn8 ov vm RnratAtOKr 

Oroaxs; including DJfcases of tho Larynx. Trachea, Lungs, and IMeunr. ^\"l\h vumwouA 
Additions and I^iotes, by M. Clymer, M.D. wood-cuts. In one octavo vuiume, j)p. oU& 



YOU ATT (WILLIAM), Y.S. — Thb Hobse. A new edition, with numerous illustrations; 
tagether with a Qeneral History of thfi Horse; a Dissertation on the American Trottluf 
Horse; how Trained and Jockeyed; an Acronnt of his RemarkaMo Per form nncps: nnrl an 
Essay on the Ass end the Mule, hj J. 8. Skinner, formerly Assistant Postmasttir-Ueueral, 
■adJCditorof thoTuff Rogietv. One laige oetaro Toinme. 



TOUATT (WIUJAM), T. TbB Doo. Edited by E. J. Lewis, M. D. With nnmerons and 
ftcaatifluiBiietratlqpa, In one yaj hanrtwwne Tfliiun% crown avd, crimeon eioth, gilt, « 



Blmichard A Loa hare now ready a dolailcd Catalornie rf (heir pnblicntionft, in Mpdical and 
other Sciences, with Specimens of tho Wood-engravinga, Notices of the I^ess, Ac. Ae^ forming 
ft pamphlet of sixty-four large octavo pagea. . Ithaabeen prepared without regard to expense^ 
OM maj he eon5idered as one of the handsomest specimens of printing as yet cxecutiii in 
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